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1. Preface.

Phosphates. in general. have some properties that compli-
cate a study of these compounds. This behavior is discussed
elsewhere.' Ammonium phosphates also have these charac-
teristics. The current volume presents and evaluates data for
the solubility of ammonium phosphates. The amount of pub-
lished material dealing with this subject is rather large. prob-
ably because of interest in. and use of ammonium phosphates
as fertilizers. So far as we are aware. all the relevant articles
published before 1988 have been reviewed. However. be-
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cause of page limitations, all this material has not been coy.
ered in this volume.

1.1. General Description of Ammonium Phosphate
Systems

Many ammonium phosphates can be described in terms of
the NH;—-P,05—-H,0 system, Table I and Figure 1. How-
ever, this system differs from other systems such as sulfates
and halates in that it has a marked tendency to form con-
densed oligophosphate anions. Thus, e.g., along the line rep-
resenting the ratio of NH3/P,Os=2 in Figure 1, the
compounds NH4H,PO, {54 (NH,4),H,P,0,{12},
(NH,);H,P30y0 {13} and (NH,);H,P;0,; {15} may be
found.

Figure 1 serves as a guide for arranging and organizing the
material contained in this volume. The following five para-
graphs give a further explanation of Figure 1.

1. The line depicting the ratio NH;:P,05=6 (line r=6)
marks the limit of neutralization. Basic systems containing
excess NHj lie to the right of this line. No additional solid
phases exist in this region. Completely or partially neutral-
ized phosphates lie to the left of the line.

2. All the solid phosphates mentioned in this volume may
be classified into series depending on the degree of conden-
sation of the anion: orthophosphates, diphosphates, triphos-
phates and tetraphosphates. However, all members of these
series cannot be individually depicted on Figure 1 because
points referring to individual partially neutralized phosphates
must also indicate the water of hydration content. Thus,
ammonium dihydrogenphosphate, NH,H,PO, {5}, and
diammonium dihydrogendiphosphate monohydrate,
(NH,)H,P,0,-H,0, appear at the same location (point {5}
on Figure 1).

3. Systems consisting of ammonia, the respective acid and
water are ternary. For congruently soluble phosphates (both
completely and partially neutralized) the respective binary
systems (phosphate-water) can be understood as a binary
section of the basic ternary system.

4. Each system consisting of two phosphates belonging to
the same series, e.g., NH;HPO,—(NH,),HPO,-H,0, is also
a ternary system. However, such ternary systems can also be
considered as subsystems of the primary ternary system
(NH;~H;PO,-H,0 in this instance) and will be discussed in
terms of this latter system. Hawever, quaternary systems and
systems of a higher order formed by adding another compo-
nent to the above-mentioned ternary system will be evalu-
ated separately. It should be noted that a system consisting of
two phosphates belonging to a different series is ternary
(pseudoternary) only in special cases determined by pH, sta-
bility constants of the species involved and solubility of pos-
sible solid phases. Most of the possible systems consisting of
two partially neutralized phosphates of different series be-
have as unstable diagonals of quaternary systems, i.e., the
respective pair of salts cannot coexist in a truly saturated
solution.

5. Hydrolytic equilibria must be considered when evaluat-
ing systems containing condensed oligophosphates. In many
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pers the rates of hydrolysis of condensed phosphates are
sussed, €.g., by Chulanova et al? As a general rule the
uhilities of the polyphosphates decrease as the chain length
reases. Furthermore, the rates of decomposition of the
ondensed oligophosphates depend on pH, temperature and
-;c nature of the cation in a rather complex way. As a result,
15 difficult to attain equilibrium in mixtures of phosphates
i different families. This is especially true when heteroge-
ous equilibria are involved. The time required to establish
«quilibrium is very long if it can even be attained.

1.2. Procedure Used for Evaluating Binary Systems

All the data were examined and evaluated using the
nethod of others.”™ Only experimentally determined data
acre evaluated. Data obtained from smoothing equations or
w extrapolation were excluded from consideration. The
reatment differs somewhat when anhydrous solid phascs or
svdrates are evaluated.

1.2.1. Anhydrous Solid Phases (NH H,PO, and (NH,),HPO,)

The data were fitted to Eq. (1)

In(x/x,)=A(1/T— 1/T,)+BIn(T/T,)+ C(T—T,).
(1

A.B and C are adjustable parameters. x, is a reference mole
fraction at temperature T, . For the selection of these refer-
ence constants, the following criteria were used:

a. x, was chosen as the mean value of the experimental
data of more than one study. Furthermore, the standard de-
viation did not exceed the experimental uncertainty in ob-
ining the data.

b. T, was chosen near the middle of the temperature range
i which the hydrate exists rather than at or near a transition
point of one hydrate into another.

x, and T, are pairs of constants and are not chosen inde-
pendently of each other. The choice of the reference con-

1.0
0.8
r = n{NHz)/n(P20s)
0.5 ¢
“a
2 i
jal
< HsP4013
* 0.4 :2H5P3010
0.2
0.0 -
C.0 0.2 . 0.6 0.8 1.0
x(NH3)

Fi6. 1. Ammonium phosphates in the NH;~P.0:=H.0 system.
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Table 1. Solid phases in the NH;~P,05—H,0 system

No? Formula No? Formula

C. Diphosphate series
(based on H,P,0;)

A Orthophosphate series
(based on H,PO,)

1 (NH,),PO, 9 (NH,) ,P,0,
2 (NH,);PO,-2H,0 10 (NH,),P,0;-H,0
3 (NH,);PO,-3H,0 11 (NH4);HP,0;-H,0
4 (NH,),HPO, 12 (NH,),H,P,0,
5 NH,H,PO,
D. Triphosphate series
B. Acidic orthophosphate (based on HsP;0,4)
double salts 13 (NH,);H,P;,0y,
6 NH,H,PO, -H;PO, 14 (NH,)5P;0,4
7 NH,H,PO,-H;P0,-H,0
8 3NH, H,PO,-H;PO, E. Tetraphosphate series
(based on H¢P;0,3)
15 (NH,);H,P,0,;
16 (NH,)¢P4Oy3

“These numbers indicate the location of the corresponding cumpuund on
Figure 1. Only some of these compounds are located on Figure 1.

stants x, and T, as well as the entire computational proce-
dure, including weights given to individual data, was also
followed for discussing the solubilities of alkali metal
phosphates.?? The experimental uncertainty of solubility data
for ammonium phosphates was also estimated to be between
I and 2% and the selection conditions were defined by Eq.
(2):

[x;=x(T;))/x(T;)<0.015 (2)

x; and T; are coordinates of the experimental point j, x (T )
is the calculated mole fraction.

1.2.2. (NH,),HPO,-2H,0

For hydrated equilibrium solid phases, the (metastable or
stable) melting point of the pure solid phase is the optimum
reference point. The solubility of thc hydratc can be repre-
sented by Eq. (3)

Y=A/T+BIn(T/T) +CT+D (3)

In Eq. (3), Y is the natural logarithm of the solubility product
of the solid in equilibrium with the solution. For
(NH,),HPO,-2H,0 most of the data were found as molali-
ties; theretore the molality form of Y

Y=In(m/m,)~(m/m,—1) 4)

was used. Here, m,=1/rM , is the molality of the metastable
melting  point of the hydrate (NH,;),HPO,-2H,0
(r =2, M, is the molar mass of water).

1.3. Choice of Material for This Volume and its
Organization

Chemical Abstracts was used to locate material containing
solubility data published in the period 1920-1988. The fol-
lowing three sources were used to locate information pub-
lished before 1920.

J. Phvs. Chem. Ref. Data. Vol. 27. No. 6. 1998
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1. The 1928 edition of Gmelin’s Handbuch der Anorga-
nischen Chemie.®

2. The 1953 edition of Seidell’s compilation.”

3. References cited in the publications that have been re-
viewed for this volume.

Some articles were excluded from consideration in this
volume because of the guidelines mentioned in the numbered
paragraphs above, especially paragraphs 4 and 5. A few of
these articles®™® reported solubility data in systems consist-
ing of ortho- and diphosphates which cannot coexist in a
truly saturated solution. It is probable that the solid phases
were not identified correctly in the work reported in those
articles.

A research group at the Tennessee Valley Authority in the
USA made a detailed study of what were called multicom-
ponent systems consisting of ortho-, di-, tri- and tetraphos-
phoric acid, their ammonium salts and mixtures of these
components.!’?! In one case potassium salts were also
added. The solid phases were identified by petrographic mi-
croscopy, and persistence of phases identified in that way
was taken as an indication of equilibrium. For example, Farr
and Willard'® examined the system which they called
NH;-H;PO4—-HyP,0,~-H;sP;0,p—H,0 at 0 °C, and claimed
the existence of equilibria with four solid phases. The Phase
Rule permits a maximum of only two solid phases and a
solution phase in a three-component system, so either their
system was not at equilibrium or identification of the solid
phase was incorrect. The information they reported may be
useful for fertilizer production but, because there is doubt
that real equilibrium was established, these articles are nei-
ther compiled nor critically evaluated in this volume.

The material that is compiled and evajuated in this volume
is organized as follows. The NH;~P,05—H,0 ternary sys-
tem is discussed first and then the materials are treated in the
following order:

1. The NH;-H,P,0,-H,0, NH;-HsP;0,-H,0 and
NH;-H¢P,0;3-H,0 systems.

II. Systems in which the formation and solubility of am-
monium orthophosphates are treated. In this section the indi-
vidual ammonium  phosphates  existing in  the
NH;-H;PO4—H,O system are listed. First, the binary
phosphate-water systems are discussed, if sufficient data are
available. After that, the crystallization field of each ammo-
nium phosphate is treated.

[I. Quaternary and multicomponent systems formed by
the addition of one or more compounds to the
NH;-P,05-H,0 system.

1V. Quaternary and multicomponent systems formed by
adding one or more compounds to the
NHH-PO,~(NH;),HPO,-H,0 system. This system may
also be considered to be a ternary section of the parent
NH;-P,0O;~H,0 ternary system.

V. Ternary and multicomponent systems formed by add-
ing one or more components to the NH;H,PO,~H,O.
(NH,),HPO,-H,0 and (NH,);PO,-H-O0 binary systems.

Where the maltters listed in paragraphs IIL IV and V above
are discussed the systems are listed according to the position
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in the Periodic Table of the electronegative part of the added .
component; when the anions are identical, the position of the:'{'i
positive part of the added component is the controlling fa™
tor.

The editors wish to acknowledge with thanks the help of:
members of the IUPAC commission V.8. Prof. Dr. Christy:
Balarew of the Bulgarian Academy of Sciences provided y5°
with copies of several of the articles reviewed in this volume
Drs. Kurt Loening and Byron Bossenbroek of the Chemicg
Abstract Services generously provided CAS registration
numbers for some of the less well-known chemical com-
pounds. We are especially grateful to Prof. J. W. Lorimer,
He guided us with respect to the details in the preparation of
this volume, he supplied a computer program for treating the
data of binary systems and gave us gencrously of his time
helping with the organization of the materials covered in this
volume.
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2. Introduction to the Solubility Data Series
Solubility of Solids in Liquid

2.1. The Nature of the Project

The Solubility Data project (SDP) has as its aim a com-
prehensive review of published data for solubilities of gases,
liquids and solids in liquids or solids. Data of suitable preci-
sion are compiled for each publication on data sheets in 2
uniform format. The data for each system are evaluated and,
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«here data from independent sources agree sufficiently, rec-
.mmended values are proposed. The evaluation sheets, rec-
.mmended values, and compiled data sheets are published
.n consecutive pages. o

Compilations and Evaluations

The formats for the compilations and critical evaluations
nave 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 IU-
PAC 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. ITUPAC and common names are cross-
referenced to Chemical Abstracts names in the System In-
dex.

The formula is given either in terms of the IUPAC or Hill
il) system and the choice of formula is governed by what is
usual for most current users: i.e., [IUPAC for inorganic com-
pounds, and Hill system for organic compounds. Compo-
nents 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 18column 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; chal-
cogenides, 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 Chemi-
cal Abstracts Service Source Index (CASSI). Names origi-
nally in aother than Roman alphabets are given as transliter-
ated by Chemical Abstracts. In the case of multiple entries
(for example, translations) an asterisk indicates the publica-
tion used for compifation of the data.

Variables:

Ranges of temperature. pressure. etc. are indicated here.
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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 modern
names for units and quantities are used; e.g., mass per cent
for weight per cent; mol dm™ 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, t/°F or T/K as in the original; if necessary, conversions
to 7/K 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 re-
ported in the original paper, 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 tem-
perature 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 de-
rived quantities are calculated, if necessary by the inclusion
of onc additional significant figure. In some cases, compilers
note that numerical data have been obtained from published
graphs using digitizing techniques. In these cases, the preci-
sion of the data can be determined by the quality of the
original graph and the limitations of the digitizing technique.
In some cases graphs have been included, either to illustrate
data more clearly, or if this is the only information in the
original. Full grids are not usually inserted as it is not in-
tended that users should read data from the graphs.

Method:

The apparatus and procedure are mentioned briefly. Ab-
breviations 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 of Materials:

For each component, referred to as (1), (2), etc., the fol-
lowing information {in this order and in abbreviated form) 1s

1 Phve Chem Ref Nata Val 27 Na R 1008
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provided if available in the original paper: source and speci-
fied method of preparation; properties; degree of purity.

Estimated Error:

If estimated errors were omitted by the original authors,
and if relevant information 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 thermodynamic data which are
judged by the compiler to be of value to the reader.

References:

The format for these follows the format for the Original
Measurements box, except that final page numbers are omit-
ted. References (usually cited in the original paper) are given
where relevant to interpretation of 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 rec-
ommend ‘‘best’’ values. The evaluation takes the form 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 format 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, esti-
mates errors where necessary, and recommends numerical
values based on all the published data (including theses, pat-
ents 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 corre-
sponding compilations may be removed.

The solubility of comparatively few systems is known
with sufficient accuracy to enable a set of recommended val-
ues to be presented. Although many systems have been stud-
led by at least two workers. the range of temperatures is
often sufficiently different to make meaningful comparison
impossible.
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Occasionally, it is not clear why two groups of workers
obtained very different but internally consistent sets of re.
sults at the same temperature, although both sets of result
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 represent-
ing 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 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 evalu-
ator considers some aspect of the computational or experi-
mental 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 com-
putational 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 ill-defined conditions are re-
jected. 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 accompany-
ing compilation sheets and those which, by virtue of their
poor precision, have been rejected and not compiled.

{f) 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 accurately
converted.

2.2. 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 1s called
a dilute solution.

The solubility of a solute 1 (solid, liquid or gas) is the
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snalytical composition of a saturated solution, expressed in
werms of the proportion of the designated solute in a desig-
nated solvent (6). y

“Saturated’’ implies equilibrium with respect to the pro-
cesses of dissolution and precipitation; the equilibrium may
pe stable or metastable. The solubility of a substance in
metastable equilibrium is usually greater than that of the
-;ame substance in stable equilibrium. (Strictly speaking, it is
the activity of the substance in metastable equilibrium that is
sreater.) Care must be taken to distinguish true metastability
{'rom 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 ex-
pression in the reference states used for definition of activi-
ties, activity coefficients and osmotic coefficients.

Note that the composition of a saturated mixture (or solu-
tion) can be described in terms of any suitable set of thermo-
dynamic components. Thus, the solubility of a salt hydrate in
water is usually given as the relative proportions of anhy-
drous 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 betow. In each case, specification of the tem-
perature and either partial or total pressure of the saturating
gaseous component is necessary. The nomenclature and units
follow, where possible, Ref. (3). A few quantities follow the
ISO standards (7) or the German standard (8); see a review
by Cvitas (9) for details.

A Note on Nomenclature

The nomenclature of the IUPAC Green Book (3) calls the
solute component B and the solvent component A. In com-
pilations and evaluations, the first-named component (com-
ponent 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 com-
paring equations given here with those in the Green Book.

1. Mole fraction of substance 1, x; or x(1) (condensed
phaes), v, (gases):

> n, (1)

s=1

Xy=n,

where n, is the amount of substance of s, and ¢ is the number
of distinct substances present (often the number of thermo-
dyoainic components in the system). Mole per cent of sub-
stance 1 1s 100 x, .

2. lonic mole fractions of salt i, x;. , x;.: For a mixture of
¢ binary salts i. each of which ionizes completely into n;.,
cations and v;. anions. with v, = v,_ + v, and a mixture of
p non-electrolytes k, of which some may be considered as
solvent components, a generalization of the definition in (10)
g1ves: :
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L= UtiXi . _UiXqy [= s
H 1430 (v=Dx 77 vy
2
X
k=(s+1)...c (3)

Fok=T +2 (v~ 1)x)

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

i=s+

Zl (xeitx_)+ 2 Xoi=1 (4)

General conversions to other units in multicomponent sys-

tems are complicated. For a three-component system con-

taining non-electrolyte 1, electrolyte 2 and solvent 3,
U+2%X,1 X2

-_— Xy =
* P v~ (03— Dy,

Uig — (U3~ Dxyy
(5)

These relations are used 1n solubility equations for salts, and
for tabulation of salt effects on solubilities of gases.
3. Mass fraction of substance 1, w, or w(l):

<
wi=g) SZI 8s (6)

where g is the mass of substance 5. Mass per cent of sub-
stance 1 is 100 w,. The equivalent terms weight fraction,
weight per cent and g (1)/100 g solution are no longer used.
4. Solute mole fraction of substance 1, xv,1 :

c c
Xo 1=y / 2 m=x [ 2 ™
5= 5=

where ¢’ is the number of solutes in the mixture. These quan-
tities are sometimes called Janecke mole (mass) fractions
(11, 12). Solute mass fraction of substance 1, w1, is defined
analogously.

5. Solvent mole fraction of substance 1, x, ;:

P
Xy 15X 2 Xg (8)

s=1
Here, p is the number of solvent components in the mixture.
Solvent muss fraction of substance 1, w, |, is defined analo-
gously.
6. Molality of solute 1 in a solvent 2, m, :
mi=n,;/n,M, 9)

SI base units: mol kg'. Here, M, is the molar mass of the
solvent.

7. Aquamolality, Solvomolality of substance | in a mixed
solvent with components 2, 3 (13), m,*:

mP=m MM, (10)

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

M:'KU.ZMZ-F(l_xb‘Z)MIJ (11)
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and x, , is the solvent mole fraction of component 2. This
term is used most frequently in discussing comparative solu-
bilities in water (component 2) and heavy water (component
3) and in their mixtures.

8. Amount concentration of solute 1 in a solution of vol-
ume V, ¢;:

c;=[formula of solute]=n,/V (12)

SI base units: mol m™. The symbol ¢ is preferred to [for-
mula of solute], but both are used. The old terms molariry,
molar and moles per unit volume are no longer used.

9. Mass concentration of solute 1 in a solution of volume
V,p1:

p1=8/V=cMIV (13)

SI base units: kg m3,
10. Mole ratio, r , y (dimensionless) (9):

Fag2=n1/n; (14)

Mass ratio, symbol {4 5, may be defined analogously (9).
11. Ionic strength, I, (molality basis), or /. (concentration
basis):

1 1
ly=32 ma} =53 ci} (15)

where z; 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, and z_,

I.=|ziz fve; (16)

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.

Salt hydrates are generally 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 carefully in the critical evaluation.

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

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

12. Density, p:

Iy=lziz_|vm;,
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c

p=8/V=2 p, ()

SI base units: kg m™. Here g is the total mass of tue system,

13. Relative density, d = p/p°: the ratio of the density of
a mixture at temperature ¢, pressure p to the density of a
reference substance at temperature ¢, pressure p’. For liquid
solutions, the reference substance is often water at 4°C, |
bar. (In some cases 1 atm is used instead of 1 bar.) The term
specific gravity is no longer used.

Thermodynamics of Solubility

Thermodynamic analysis of solubility phenomena pro-
vides 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 examina-
tion 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 pro-
cedures used in a particular volume will be described in the
Preface to that volume.
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Components: Evaluator
(1 Ammonra: N [ 7604-91-7] 1. Eysscltovi, Charles University, Prague, Crech Republic,
(21 Diphosphorus pentoxide: P04 [1314-56.3] September 1995

(3 Water: 1,0 {7732 18.5]

| Evaluation:
3. Oliyuphusphale Sysleius
Chulanova, et al.' published sotubility data for the following three systems;
1 NHGH PO, (NHL) PO, - H0;
2. NHGHPO, - (NHg),H PO, - HLO;
3. (NH):HPO, - (NH),HRPy 05 - 1,0,
The compounds chasen as components in the first system cannot coexist in a saturated solution. Perhaps there was an error in

identifying the solid phases at cquilibrium. In the thind system, the authors observed a crystallization field for (NH,),HPs0,-Ha0) as a
product of reaction between the compounds chosen as components. Therefore, the solubility data in Ref. 1 are rejected.

The data i Ref. 2 can be compared with the 0 “C isotherm of the NH,HPO, ~(NH,)sHyP,0; - 1O system reported by others,” see
Fig. 2. The data points for 50 and 70°C on Fig. 2 were found by extrapolation from the solubility isotherms.2 The variation of

compusition with temperature showa in Fig. 2 appears to be reasonable. Consequently, the data can | pled tentatively.
46

d the following systems:

A research group at the Tennessee Valley Authotity in the USA studi
NH, - HaP,0,~H,0:
NH, - HgP,0,- Hy0:
NH,- HyP,0,5-H)0.

The solubility data presented for these systems cannat e critically evaluated because of the absence of other, similar experimental

reh group also made 2 detailed study of multicomponent systems consisting of di-, tri- and tetra- phosphoric
7= They used 4 perrographic examination or

work, The same re

acia, the verreapund i 2alts (aud. it i case alsu, with i salis),
the solid phases as the main eriterion of equilibrium. Tn these works they report more solid phases than are allowed by the Phasc
Rude. The solubitity information presented in these articles may be useful for fertilizer production. However, there s real doubt that

lished in the experimental work and, therefore, these articles are neither compiled nor critically evaluated in

true cquilibrivm w

this volume.
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FIG. 2. Composition of solutions saturated with both NHyH,PO, and (NH,);H;P205.
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Original Measurements:
G. A. Chujanova, L. S. Mukhina, R. I. Shipyatskaya, A. 1. Taran,
Zh. Prikl. Khim. {Leningrad) 49, 1933-5 (1976).

Coniponents:

(1) Ammonivm dihydrogenphosphate: NH,HPO,; 17722-76-11
(2) Digmmonium dihydrogendiphosphate: (NH, ), H P05
[13597.86-9]

£3) Waer: Hy0: [7732-18.5)

Components:
(1) Ammonium dihvdrogenphosphate: NH.H:PO,: [7722-76.1]
(2) Diammonium dihydrogendiphosphate; (NH,);H,P,0,:
[13597-86-9]

(3) Water; H,0; [7732-18-5]

Original Measurements:
A Kuznetenva, T T Wina, Zh. Prikl. Khim. (Loningrad) 55,
1153-4 (1982).

Variables: Prepared By:

Compositon at §0 and 70C J. Eysseltova

Variables:
Composition at 0 °C.

Prepared By:
J. Eysseltovd

Unperimental Data

L&
Solubility values for the (NHs);H,Pa05~NH,H,PO; - H,0 system

(NH,),1,P,0; NH,H,PO, H,0% pyro-P,05 ortho-P,04 Solid
100w, s fmol kg 1 100w, myfmol kg '* 100 w, m,/mol kg™ ! m/mol kg™" phase”
temp=50°C

0 0.0 92 59.5 0.0 296 A
63 0.53 5.85 56.0 0.53 2.93 A
9.1 079 581 54.5 0.79 290 A
16.3 151 557 510 151 278 A
267 270 4.98 46.6 272 2.50 A
348 391 4.80 420 391 2.40 A
40.0 472 435 40.0 4.72 247 A
48.0 6.29 3.86 36.0 6.29 1.53¢ B
S0 661 3.07 362 6.65 1.52 o
536 6.74 2.1 375 6.74 1.03 B
61.0 7.38 00 390 738 0.00 B

*These values were calculated by the compiler.
The sohd phases are: A =NH,H,PO; B=(NH,),H P20,
“This is an abvious error. The compiler thinks this value should be 1.93.

Sotubility values for the (NH,),HyP,0;-NH,H, PO, ~-H,0 system

(NH,),H,P,0, NH,H,PO, H,0* pyro-P,0s ortho-P,0s Solid
mmol kg™ '? 100w,

100w, mfmol kg 100w, mfmol kg™! mfmol kg~ phase®
temp = 70°C
0.0 0.0 49.5 8.52 50.5 0.0 4.26 A
0.74 45.0 8.24 475 074 4.12 A
116 43.0 8.09 46.2 110 4.04 A
208 380 7.68 430 208 3384 A
388 30 715 3738 3.88 157 A
525 26.0 6.46 350 5.26 323 A
647 22.4 595 27 6.48 3.00 A
: 175 507 300 8.25 253 B
. 139 395 306 8.56 197 B
9.17 9.9 28 306 9.17 1.40 B
.57 0.0 0.0 M0 10.02 0.00 1]

“These values were calculated by the comy
rhe solid phases are: A=NH;H,PO,; B=(NH,);H,P,0;

Auxiliary Information

Method / Apparatus / Procedure:
The visual polythermic method was used. All experimental
details are described in Ref 1

Source and Purity of Materials:
The only information given is that (NH,),HP,0; was prepared
by heating (NH,);P,0; to 125 °C.

Estimated Error:
No information is given.

References:
'G. A. Chulanova, R. 1. Shipyatskaya. L. S. Mukhina, Zh. Priki.
Khim, (Leningrad) 47, 1637 (1974).

Experimental Data

The solubility isotherm for the NH,H,PO,~(NH,);H,P;0,~H,0 system at 0 °C is given in graphical form and described
verbally as fotlows:

Solubility of NH,#;PO is vinually constant in the concentration range of 0~19.5 mass % of (NHy);H;P,05, then decreases
slightly.

Solubility of (NH,);H,P;0; increases in the concentration range of 0-6.3 mass % of NH,H,PO,, but decreascs in the
concentration range of 6.3-13.6 mass % NH,H,PO,.

‘The composition of the eutonic point is 13.6 mass % NH,H;PO, (2.5 mol/kg—compiler), 38.2 mass % (NH,),H;P,0, (3.7
mol/kg—compiler), 48.2 mass % H,0.

The total plant food (N+P;0;) in the system under consideration is in the range of 13.7-40.6 mass %, the ratio N/P,O5 being

conatant at 1:5.

The authors linearized the dependence of total plant food on total P,05 content in the form y=0.05+ 1.195x where y is the total
plant food (N+P;05) and x is the total P,O5 content.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used. The system was equilibrated
for 4 fu>. Liyuid phiasey aid wet Tesiduc were analyzea 1or
total P,O5 and P,0; in ortho form spectrophotometricalty.!

Source and Purity of Materials:

Chemically pure NH,H,PO, was used. (NH,),H,P,0, was
prepared by heating (NH,)¢P;0; at 110°C for 46 hours. The
product contained 91.9% (NH,),H,P,0; and 4.4% NH,H,PO,.
Paper chromatography’ showed the absence of any more
condensed polyphosphates.

Estimated Error:
No information is given.

References:

'Metody Analiza Fosfatnogo Syrya, Fosfornykh i
Udobreniy, Kormevykh Fosfatov, Moscow 1975.
L. A. lonova, N. N. Postnikov, Khim. Prom. 3, 198 (1969).
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Components:

1 Ammonix; NH, [ 7604 41.7]

(21 Diphasphone aeid 1,P,0,: 124066000 3)
O Water: 11,0: [7732 18 5]

Original Measurements:
T, D. Farr, ). D, Fleming, 1. Chem. Eng. Data 10, 20-1 (1965).

Variables:

Composttinn at 273 nd 208 K

Prepared B;

1. Eysseltovi

Experimental Data
Soublity in the NH, H;P,0; Hy0 system a0 273 K

N PO, NH* H,P 0 Hy0*

1o, 10w, il W w, m ol kg ! 100 w, m,fmol kg ! 100 w, Solid phases®
483 225 .32 242 65.80 A
Tt M7 400 1 ERES 52,04 A
K23 32.24 497 40.42 458 4957 A
896 R 5.09 4283 520 4628 A+B
903 .02 581 WK 436 50.10 B
9.4 088 3872 4.35 5005 B

1004 M2 39.40 457 48.40 B

10,33 3203 650 40.16 477 47.28 B
.26 27.36 6.8% 3430 354 5449 B+D
7.75 20.65 7.80 2589 225 64.67 )
ol 2KKS 151 36.17 360 56.40 A
% 3534 d66 44.31 5.46 4556 A
52 .89 460 48.76 6.91 39.60 A

1105 42,39 484 5345 394 3341 B

10,69 40,27 5.08 50.49 777 36.51 B

104y RS2 S 4830 697 3895 B

042 3724 578 16,65 644 40.68 B

10.6) 36,22 591 1290 45.41 612 41.69 B

1ot LRI 605 1290 4490 598 4220 B

.29 iswy 13.73 45.13 6,16 4115 B

11.55 36,60 6.20 14.04 4589 644 40.07 B+C

RS} 2493 .40 13.54 4380 577 4266 c

i3 310 643 13.53 4401 582 4246 c

112 3812 642 13.52 24.03 42.45 c

1108 402 642 1344 4341 43.15 c

1086 3345 - 13.20 4194 525 44.86 C+D

.52 3182 60.79 12,79 39.90 474 47.31 D
9.79 2863 702 11.90 3590 386 5220 D
SO0 24806 7.3% 1094 37 3.03 57.89 D
®S53 2267 7.95 10.37 28.42 261 61.20 D
.26 227 8.20 10.04 26,67 237 6329 D

Components:
(1) Ammonia; NH : [7668-41-7)

(2) Triphosphoric acid; HyP10yy : (10380-08-2]
(3) Water: H,0: { 7732-18-5)

Originul Measurements:
T. . Famr, 1. D. Fleming, 1. . Hatfield,
J. Chem. Eng. Data 12, 141-2 (1967).

Variables:
Composition at 273 and 298.3 K.

Prepared By:
1. Eysschavé

Experimenta] Data
Solubility in the NHy~HsPy0,4-H;0 system at 273 K

N P05 NH HyP:0y0" H,0° Solid
100 w, 100 w, pH 100 w; mtmol kg™ 100 w, mymot kg ! 100 w; phases”
8.36 25.33 8.30 10.16 10.09 30.69 202 59.15 A
9.04 30 5.90 1099 1240 36.98 276 5203 A
9.42 3368 5.53 11.45 14.09 40.8) 332 47.74 A
9483 35.69 5.35 1195 15.66 924 374 44381 A+C
9.75 36.66 519 1185 15.92 4442 3.94 373 c
9.86 37.69 495 1199 16.62 45.67 4.18 42.34 C
9.75 38.09 493 1185 16.57 426 4200 D
9.61 40.16 441 1168 17.30 476 39.66 D
9.68 43.41 4.00 11.77 19.39 572 35.63 D
9.73 4433 372 1.3 20.17 6.04 34.44 D+E
8.80 4266 313 1070 16.70 5.32 37.61 E
8.38 4236 251 10.19 1554 5.16 38.49 £
930 26.30 8.72 1131 11.68 218 56.82 A
9.39 28.49 7.88 11.42 12,40 248 54.06 A
9.39 2845 780 1142 246 54.11 A
965 LIS 638 1173 290 50.53 A+B
9.69 2m 6.25 11.78 304 4943 B
9.72 3243 6.02 11.82 KRV 48.89 B
10.00 3539 5.58 12.16 3.70 4496 B
10.30 36.56 5.57 1252 398 4318 8
1030 36.52 554 1252 396 4323 B
10.40 39.79 512 1265 48.21 478 39.14 c

*These values were calculated by the compiler.

o solid phascs asi A—(NI5)sP30(p 2110, D—(NIa}sT3O19-Ih0; C—(Milyell(f30i0) - 2150 D—(Mik)allP30pps E-

(NH)3H,P;0y -

Auxiliary Information

Method / Apparatus / Procedure:

Source and Purity of Materiais:

The complexes, in capped plastic botles, were
isothcrmally in @ cold room or in a water bath. The approach

“Ihese values

caleulated by the compiler.

T selid phiases ares A=(NH 1,H P07 B=(NH ), HP,0;-H,00 C=(NH,P, 05 D=(NH, ) P20, -Hy0.

Auxiliary Information

Met

thod / Apparatus / Procedure:
The complexes. in capped glass whes, were cquilibrated in a
cold raom or in a water bath. The approach 1o equitibrium was
Blliwnd by pericdics ptrgeaphics and X-ry rvaminatinn of
the solid phases and by analyses of the liquid phase
Phosphorus was Jetermiined gravimetrically as quinolinium

hate! and nitrogen by distillation of ammonia
with NoOH. pH was measered with a elass electrode.
One-dimensional paper chromatography® was used 10 check
the hydrolysis.

Source and Purity of Materfals:
The ammonium pyrophosphates and their solutions were

prepared by ammoniation and vacuum cvaporation of 0.3 N
H,P,0, that had hesn prepared by ian exchange from ol

-
of recrystallized tetrasodium pyrophosphate. All operations were
cariied out al temperatures below 10°C. No  significant
hydrolysis of the pyrophosphate was observed.

Fstimated Krrors:

The only information given i
constant as follows: 0.5 °C; 23

that the temperalure was kept
0.02°C.

References:
'C. K, Perrin, J. Assoc. Offic. Agr. Chemists 41, 758 (1958).
2E. Karl-Kroupa, Anal. Chem. 28, 1091 (1956).

1o equilibrium was followed by periodic p

The p and their solutions were
prepared by ammoniation and vacuum evaporation of 0.3 N
phic and trip ic acid that had been preparcd by fon exchange

X-ray examination of the solid phases and by determination of
composition and pH of the liquid phase. Phosphorus was
determined gravimetrically as quinolinium molybdophosphate,!
and nitrogen was determined by distillation of ammonia with
NaOH.

from solutions of reccystallized NasP;0;o. All operations were
carried out at temperatures below 10 °C. Technigues similar to
those used in preparing crystalline ammonium pyrophosphates®
were used (o prepare ammoniur tripolyphosphates.

Estimated Error:
The only information given is that the temperature control was s
follows: 273 + 0.5 K and 298.30 * 0.05 K

References:
!C. H. Perrin, . Assoc. Offic. Agr. Chemists 41, 758 (1958).
7. D. Farr, J. D. Fleming, J. Chem. Eng. Data 10, 20 (1965).
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Companents:

1 s MU G [7661 11 7]
€21 Fetraphosphoric acid: HPP,0 0 [13813.62.2]
OO Water, O [773218 5]

Original Measurements:
TP Fan. J.W. Wilkiwd, 3. D, Hauicld, J. Chew, By, Drawa 17,
313.7 (1972).

Variables:

Composttion ar 273 K

Prepared By:
1. Eysscliovd

Expe

<utal Data

Solubility values in the NH, - Hy PO, 11,0 system at 273 K

P, NH* HP0, H,0° Solid
100w, m{l w, full 100 w, m/mal kg ! 100 4, mymol kg™ ! 100 w, phasc®
894 46,00 225 10.87 18.57 471 34.37 A
9.21 16.06 281 .23 19.44 478 33.93 A
9.05 4067 156 1173 21.06 5.03 3271 A
vR1 1667 106 11.93 2154 5.06 3251 A
10.56 4832 +07 1284 25.44 5,74 29.64 A
10.77 4804 402 1309 2051 591 290t A+B
1072 17.76 4.28 1303 2542 5.59 0.1t B
gy 45.83 ENZ] 1317 2396 5.00 3227 B
1095 45.52 183 1331 2408 293 3250 B
103 45.58 485 1341 2436 497 c
10.70 RENR 547 13,01 2144 4.27 35.62 C
037 WA 570 1261 17.99 a3 EINE] c
103 .04 s76 12.62 1791 329 4138 c
0.3 36.07 6.8 12,54 16,53 2.85 4452 c
oo 45,51 13.37 24.19 494 3246 B+C

‘These values were cabealated by the compiler,

Tl solid phiases ares A= (NI HGP 040 B=(NHL)HP,0, 1 HyO: C=(NTH, ) PLO, - 2H,0
“The composition of this invariant point was estimated graphically from plots of pH va N or POy

Auxiliary Information

Method / Apparatus / Procedure:

A stock solution was prepared by satrating conductivity water
with (NHy 1,00 2H0. Portions of this solution were
adiusted with cither anhydrous ammonia or the H-form of
Amberlite IR-120 resin to a selected pH value and evaporated
under vacuum At about 298 K to crystallization. The mixture
was then equilibrated in a cold room for 13- 48 days
Phosphorus was determined gravimetrically as quinolinium

molybdophosphate (1), and nitrogen was determined by
antiatton ot ammoniz with NaOH. the pH was measured,
after wanming 10 298 K. with a conventional meter and a glass
electrade.

Source and Purity of Material:
(NH,)4P,011-2H;0 of sufficient purity was prepared by a
modification of 2 published procedures.>* Conductivity water
was used.

Estimated Errors:
The only information given is that the temperature was kept
constant o within % 0.5 K.

References:

'C. H. Perrin, J. Assoc. Offic. Agr. Chem. 41, 758 (1958)

*G. J. Griffith, J. Inorg. Nucl. Chem. 26, 1381 (1964).

'R. K. Osterheld and R. P. Langguih, 1. Phys. Chem. 59, 76
1955).

Components:
(1) Ammonia; NHy: (/664-41. /]

(2) Phosphoric acid; H,PO,; [7664-38-2]
(3) Water; H;0; [7732-18.5]

Evaluator;
J. Eysseltovd, Charles University, Prague, Crech Republic,
September 1995

Critical Evaluation:

4. Ammonium Orthophosphates
Twenty-onc puplications contain solubility data for ammonium orthaphosphates.'#' The following solid phases have been
reported as being in equilibrium with saturated solutions in the NHy— H,PO, - H,0 system.

(NH,)3PO;-3H,0
(NH,)3P0,-2H,0

[25447-33-0]
no registry number available

(NH,),PO, [10361-65-5]
(NH,);Hy(PO,), no registry number available
(NH,)11PO,-2H. [51457-70-8]

(NH,);HPO, [7783-28-0)

NH,H,PO, [7722-76-13
(NH,),H,(PO,), {34285-90-4]

NH,H(POy); H,0 [28037-74-3)

NHyH5(PO,), [28537-48-6)

There are sufficient published data 10 enuble a critical evatuation to be madc of the binary system, ammonium phosphate-water,
for only two of these ammonium phosphates: NH,H;PO, and (NH,),HPO,. A variety of experimental methods has been used to
determine the temperature dependence of the solubility of these phasphates. Some of these methods are: isothermal

method;232427 304875 yraphical measurement from a plot of density vs composition;?® Toepler's method;*? visual polythermic
method: ™54 and measurement of the temperature at which the last crystal disannears 2 Racs or a1 2 dn na dosedbe dhorr
experimental method, but the solubility data reported by them are bl of the solubility of
these compounds has been reparted in many articles, 227 29303947.9.5636075 Gorubitity data have also been presented as 2
limiting condition in the study of multicomponent systems,?2831-3840-46.48.50-52.54 56.°57-62.64.65.67-69,71-74,76.78 80,8263 Thus, there
are ample data available for a critical evaluation to be made.

There is only one report for the solubility of (NH,)3PO4.2 This may be due to the fact that this salt is strongly hydrolyzed in
aqueous solution and even has 4 significant partial pressure of ammonia at room temperature.2® There is also only a single report
for the temperature dependence of the solubility of NH,Hs(PO;).?2 These two solubility branches in the NH;-H;P0,~H,0
system will be discussed on pp. 1313,1314. Solubility branches of the other orthophosphates will also be discussed later.

4.1. Binary Systems: Phosphate—Water
Solubility of NH,;HPO,

Some articles contain obviously incorrcet data.”’*-¥41%2 These data were excluded before critical evaluation was made
Furthermore, the data in one reference™ are the same as in another.! These data were considered onty once. One article™
reported the existence of a transition point at 308.5 K for the NH,H;PO, - H;0 system. a-NH,H,PO, and b-NH, H,PO, were suid
10 be cquilibrium solid phases at this temperature. However, no other sources confirmed this observation. The solubility curve does
not have a break at this temperature. Thercfore, all the available data were ireated together. The solubility results are summarized
in Table 1. During the iteration process the data in Refs. 66, 75, 80. 72, 57, 38, 54, 82, 32, 64, 45, 83, 55, 58, 56 were eliminated.
A suminary of the values for the parameters in Eq. (1) is given in Table I1. Table Il contains some solubility values obtained by
using Bq. (1) (scc the Preface) and the parameters given in Table L. The values in Table J1T arc recommended valies

ooet
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Table L Solubility values of NH,Hy PO, 0 water

K 100w, Ref. Weight init./final
LR I8 55 110
208.6 174 3 10
208.6 18.0 83 10
208.7 169 69 10
2087 169 46 10
IR K 75 70
209 60 10
A 55 [y
273 34.42.35.55 414
273 a1 1
273 3236 n
273 28 ”n
03 39 10
s 56 1o
78 10
23 10
55 1
24 4
b1 1l
55 "
34 10
283 S5 110
283 4235 200
%3 41 1w
ErS 3 10
283 56 171
283 236 "
288 1t
2913 24 170
W13 24 10
293 34.55.70 310
293 4235 kdd
293 39,56 20
293 41 10
293 32,36 1t
293 85 10
203 "
2955 55 10
296 30 1t
298 78 10
298 23 10
298 43 vt
298 kYJ "
R 49.32.36 22
298 46 171
298 2329 22
298 38 17
298 7 1”
298 50.52 "
298 9 171
208 22 1”1
298 23 "
208 7 10
208 67 "
298 23 110
3025 "
303 56 1o
303 §5.34,42,35 40
303 39 10

3145

323

343
343

382.4
382.4
383
383
383
383.5
383.5
393
403
413
423
433
443
453
463

36.1
36.2
363
375
39.88
405
406
40.7
408
410
41.05
416
438
452
45.3
49.7
49.8
48.3
50.0
50.2
510
55.66
536
548
56.5
56.7
58.8
593
59.6
61.85
634
63.5
63.9
63.2
7095
71.08
7184
67.3
67.8
68.3
67.3
68.30
720
75.7
IEX
822
85.2
88.3
91.6
94.7

49,3236
24,37

i
wh
"
0]
"
i
”
10
1

"

170

"
11
171
mn
110
10
11
11
17
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“Table 11 Values of the parameters in Eq. (1) Tor NHyH PO,

Table 1V. Solubility of (NH,),HPO, in water

data were counted only once. The experimental data are summarized in Table 1V. The data for the solubility of the hydrate
(NH, 33 HPO, - 2H,0) are relatively few and rather scattered. The only equation that gave results was the three-p ter form
of the smouthing equation (3) :

y=AIT+B In(TIT))+C. &)
The values of the parameters for the smoothing cquations are given in Tables V and V1. Table VII lists solubility data for
(NH,) :HPO, -2H,0 using the values of the parameters given in Table V. These data may be accepted as tentative. Table VIII contains
solubiiity dats for (NH; ) HPO, caleuised by using the parameters listed in Table VI The data in Table VL are recommended values

Parameter Value Standard deviation TIK 100w, Ref. Weight init ffinat
:
I'; 5_‘7;’:’.:“”’ QIO;‘ (INH,),HP O, -2H,0
C IR4x 10 7 25%10 * 266.3 29.60 a8 i
X, 0.060487
L 29% 266.5 296 40 "
267.5 280 62 "
By S O, ealeuls 273 29.7 2 "
Fable H1. Solubitity of NH,H,PO, calculated by Eq. (1) m 03 2 "
JEs Mol fraction mmot kg ! 100w, 2 204 a0 "
277 120 40 "
268 0.03016 1.727 16.57 281.4 34.0 40 11
2% 0.03428 1972 1848 283 350 81 1"
278 0.03876 2.240 2048 283 383 2 "
283 L4360 2.533 2255 283 184 24 n
288 004883 2852 24.69 ) o
293 0.05445 3.199 2689 2836 352 40 "
298 0.06049 3577 29.14 285.2 36.0 40 1
RUA 0.06695 3.9%6 3143 288.2 39.5 62 1”1t
0% 0.07386 4431 3375 (NH,),;HPO,
R Q0x174 4912 3609 2u8.2 305 ) o2 v
MR 0.08910 5.434 38.45 -
3 0.09747 6.000 4082 288 B4 40 10
324 0.1064 6.613 43.19 2895 39.0 40 10
LR 0.1158 7278 45.56 293 40.7 24 10
33K 0. 8001 4791 293 408 24.86.6 30
43 0.1365 8786 50.25 26 411 0 "
AT 0.1479 9.640 52.57 298 an o
181 01500 10.57 54.86 ) 10
sk 01726 1159 57.13 8 414 7 "
01 0.1861 12,70 5936 298 41.5 2 11
308 0.2004 13.93 61.56 298 416 78 17
373 0.2156 15.27 63.72 298 27 2938 2
37 0.2318 16.76 65.83 03 08 671 2%
384 0.2489 18.40 67.91 ’ y
wx 02670 2024 69.94 303 422 2 1o
3 0.2863 228 7192 303 423 24 n
398 0.3067 2458 7386 308 432 65 170
403 0.3284 27.17 75.75 313 444 24 10
408 0.3515 30.11 71.59 313 456 2 o
11 [ARSL] 3348 7938
418 0.4021 37.36 8112 2 4020 4 "
423 04299 41.89 8301 33 470 24,78 2
04594 47.21 84,55 33 47.05 45 17
04908 53.55 86.03 3 472 24 110
438 05243 61.22 87.56 3
443 0.5599 70.69 89.04 1; :2 z 2‘;’:6 22
448 0.5980 8263 90.48 > - "
i3 0 R8s 9813 91.86 343 510 24 ”n
458 0.6818 119.0 93.19 343 51.8 24 110
403 17280 148.7 94.47 390 622 31 in
395 64.9 3t 170
The {NH,j;HPO, - H;0 system. 432 73.0 3l 10
The existence of the hydrate (NH,);HPO, - 2H,0 has been reparted and the transition temperature between it and the anhydrous salt has 453 820 31 o
been reported fo be 288.2 K ¥ Before making the critical evaluation some obviously incorreet data points®7'77 as well as data for
reportedly metastable systems™ ¥ were eliminated from consideration. Also. the same data were reported in two articles™* and these

coel
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Fable ¥ Values af the parametens w50 tor o8O, 20,0

Parauncter Vitlue Standard error
A 700 350
B 28x10° 14x 10"
« 106 52

tandard error of estinte - 802107
congrient mp. ol Tydrate, By 300G 6K

Table VI Values of the patameters in Eg. (1) for (NH),HPO,

Pavmeter Value Standard crror
o o
B 35 24
s 0.134 0036
8 0108145
I, 323

Table VIL Solubility of NH ) HPO,-

2H,0 caleutared by Eq. (5)

mJmol kg

N 100y,
6.3 5.749
208 Sl
270 5925
m 6078
2 6.268
276 6.499
hel 6.779
280 7017
282 7.508
284 7.964
286 RAY5
2R3 v.197

3385
3427
3495
359t
37
3.857
4035
4252
4.505
4.802
5152
5621

100w,

30.90

31.16
31.58
32.17
32.89
3375
377
35.96
37.30
38.81
40.49
42.61

Fabte VHE Sulubitity ol (NG Calotaid B a1
TIK Mole fraction mmol kg ! 100w,
288 0.08180 4,950 39.51
293 0.08580 5214 40.76
208 0.08968 5473 4193
303 009346 5727 43.05
308 0.09717 5979 4410
313 0.1008 6.230 45.12
318 0.1045 6.482 46.10
323 0.1081 6.737 47,06
3 01119 6.997 48.01
333 0.1157 7.266 4895
338 0.119 7.546 49.90
43 01237 7.840 50.85
348 0.1280 8.152 51.82
ERR} U.ASD B.4%4 92.82
358 0.1373 8.841 53.85
363 0.1424 5491
368 0.1479 56.01
313 0.1539 57.15 c
378 0.1604 58.34 o
383 0.1674 59.58 >
388 0.1750 6087 O
393 U. 1834 0222 L]
398 0.1926 63.62 =
403 0.2026 65.07 n
408 02136 66.50 =
413 0.2258 68.14 [72]
418 0.2393 69.75 (o]
423 0.2541 7141 oy
a3 02706 7302 %
400 0.2088 T4.86 —
438 0.3091 76.64 r
443 03317 78.44 =
448 0.3569 80.27 <
453 0.3850 8211 o
>
Vogel's cquation =
Vogel ot al3! measured the temperature dependence of the water solubility of NH;H,PO, (NHy),HPO, and KH,PO,. Starting with >
Schroeder’s equation (77) they derived an equation which is identical to the three-parameter form of Eq. (3), and given here as Eq. (5). (7]
In order to test the validity and uscfulness of this equation, the evaluator uscd the iterative procedure described eartier to determine the m
values of the coefficients in this equation. She used all the data collected for NH,H,PO, and (NH,);HPO,. The values obtained are given )
in Tahle JX. m
7]

Table 1X. Values of the paramcters in Eq. (5)

NH,H,PO, (NH,),HPO, _
Parameter Value Standard error Value Standard error
A, -2263 0.89 -529 34
36.422¢ -31.639*
B, -633 43 1690 170
—3370.284° 697.129°
e 385 013 7.87 0.50
4.0013 “4.710%

“These values have been reported by Vogel et al.'s

Figures 3 and 4 present graphical comparisons of the recommended values of Tables 11l and VIIL, respectively, with the values obtained
by the use of Eq. (5) with the values of the parameters given in Table IX. It is abvious from these Figures that Vogel’s valves for the

ients may be considered satisfactory only in the range 283-338 K. The reason is probably the limited number of data
treated by Vogel's group
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FIG. 3. Salubility data for NHH,PO,.
90 T T T T ™] 90
80 | 180
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S
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N
w
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€
° recommended values
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a  equation [5]
30 . . * 1 30
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FIG. 4. Solubility data for {NH),HPO),,
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YIS A Mazunin, O K, Sosnina. A, A, Votkov, and T. 1. Danina, Analiz i Fazovye R iya, Perm 1985, 79
. Eysseltosi and TP, Ditkse, ARali Metal Orthophosphates (Vol. 31 of the Solubility Data Series) (Pergamon Press, 1988),

e

Components: Original Meusurements:
(1) Ammonium dihydrogenphosphate; NH,H,PO,; [7722-76-1] N. Paravano, A. Mieli, Gazz. Chim. ltal. 38, $35-44 {1908).
(2) Phosphoric acid; HyPO,; [7664-38-2]

(3) Water; H,0; [7732-18-5]

Variables: Prepared By:
Composition and temperature with a NH,H,PO,/H;PO, ratio J. Eysscltovd
equal 10 1.
Experimental Data
Suturation tempsratures of solutions of NI, H PO, H 00, in water
NH,H;PO, -H,PO, H0"
e 100w, 100 x; mJmol kg ' 100w,
48.5 64.10 3.1 8.380
66.2 74.07 19.47 1341
925 84.48 31.53 25.55 15.52
97.0 86.38 34.91 29.77 13.62
109.8% 92.58 51.34 58.58 7.42
128 95.80 65.87 107.1 4.20
110 100 100 — 0.0

These values were calculated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
Saturation temperatures were determined visually as the
temperature at which the last crystal disappeared.

Source and Purity of Materials:
NH,H,PO, -H,PO, was prepared from an cquimolar mixtwre of
concentrated solutions of NH,H;PO, and H,PO, by slow
crystallization, The analysis was:

found calculated

.0, AR ITA 66 RSO

{NH,),0 12.15% 12.25%

Estimated Error:
No information is given.
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Original Measurements:
O. Apfel, Disseriation, Technical University, Darmstadt (1911).

Components:
(h Ammonn dibydrogeaphosphate: NHH PO, {77
(2) Water: H,0, [7732 18.5]

Components:
(1) Ammonium dihydrogenphosphate; NH,H,PO,; [7722-76-1]
(2) Water; H,0; [7732-18-5)

Original Measurements:
G. H. Buchanan, G. B, Winner,
Ind. Eng. Chem. 12, 448-51 (1920).

Variables: Prepared By:

Composttion aid temperatine 1. Eysseovi

Variables:
Composition and temperature.

Prepared By:

). Eysseltovi

Experimental Data

Composition of the satwrated liguid phase

Experimental Data
Solubility in the NHH;PO;~ H,0 system

POy NH, NH H PO, NH,H;PO,"
e compt compt 100w, mmol kg ' 100w, m/mol kg™!

0 174 170 199 26 9.6 2.1
28 2575 264 29.62 1659 304 am
2 250 254 288 151 29.2 3.59
o s 256 1108 6085 Qe am
70 4.35 420 500 871 48.3 8.13
3 493 491 560.7 14 56.5 1.3

ing the phosphate 1on content as the starting point

“These vaues were caleulaied by the compl
These values were calealated hy the compiler. taking the ammonium jon content as the starting point.
“The compaosition unit is; mol/HO0 g of solution.

Ausiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The isotherinal method was used, Ammonia was determined No information is given,
by the distllation methed. The phosphate jon content was
determined pravimersically as MgyP,0; Estimated Erros:
No information is given. The author indicates his results are
imprecise because of hydrolysis of the ammonium salt.

1°C w w? W wy! /100 g H,0 m ol kg™
48 20.5 20.3 204 20.2 253 223
183 259 26.6 263 263 35.7 3.10
300 34 37 316 317 46.4 4.02
400 36.1 36.3 36.2 36.2 56.7 493
AN anw an8 4DR 4ans A0 5.00
69.0 497 49.8 498 49.4 97.9 8.62
9.0 59.3 58.8 59.1 589 143 126
102.0 63.2 — 63.2 64.4 181 14.9
110.5 613 — 67.3 68.3 215 179

*Solubility as m

% in the bottle where equilibrium was reached by heating.

"Solubility as mass % in the bottle where equilibrium was reached by cooling

“The mean of w; and w.
“The value of w; w:

calculuted by the following formula derived by the authars: wy=18+0.455 1°C.

“The molalities were calculated by the compiler using the w value as the starting point.

Auxiliary Information

Method / Apparatus / Procedure:

The samples were placed in 2 glass bottles of about 250 cm®
capacity. In one of them, the equilibrium was approached from
below, in the other from above. Samples of the satd sola were
withdrawn by a special weighing pipet and analyzed for NH,
ning the dict

an mathord (no other details are given). The
temperature of the thermostatic bath was controlled by the
introduction of steam or ice water. For the higher
temperatures, calcium chloride brine was used in the bath,

Source and Purity of Materials:
The sall was prepared by recrystallization of commercial
mono-salt {**Amo-Pros™).

Analyses:  experimental  calculated
NH; 14.80 14.80
P,0s 61.57 61.72

Estimated Error:
The temperature was kept constant to within 0.5 K. The compiler
estimates the reproducibility of the solubility values to be
approximately 1%.

90¢1
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Table 11 Salubility 11 the (NHHPO, L0 system densed on the Tuss o the data bt §

Components:
(1) Diammonium hydrogenphosphate; (NHy ) HPO,;
[7783-28-0}

(2) Water; H0; [7732-18-5

Original Measurements:
G. H. Buchanan, G. B. Winner,

Ind. Eng. Chem. 12, 448-51 (1920).

Variables:

Composition and femperature,

Prepared By:
3. Eysschtova

Table L Analyses for NEE, and PO, with epocial atention given to possibls loce af ammania dus in hydralysic af (NH,)HPO,

Experimental Data

Mass % NH,

Mass % P05

e up* down® mean wp® down® mean PIN ratio % di-salt

0 7.69 7.62 7.66 16.28 16.28 16.28 0.470 9%
10 9.89 9.85 9.87 20.70 2061 20.66 0478 99
20 10.54 1046 10.50 21.94 2089 2192 0.480 100
30 10.87 10,489 10.88 23.00 23.00 23.00 0473 97
40 11.45 1146 11.46 24.47 2455 24.51 0467 95
50 1200 12.20 12,43 25.41 2534 2538 0478 99
w0 1250 1255 12,57 26.60 26,90 26.85 0.16¢ os
70 13.07 13.22 1315 27.58 2801 27.80 0473 97

“The way of equilibration.

°c w" wy" w* wyd /100 g H,0 mmol kg '¢
0 29.7 303 300 — — 325
10 383 384 384 386 62.8 472
20 40.7 408 408 408 69.0 522
30 42.2 428 425 29 75.2 5.60
40 444 45.6 45.0 45.0 81.8 6.20
50 470 412 47.1 4712 89.2 6.74
60 48.8 499 49.4 49.3 97.3 739
70 510 518 51.4 514 106.0 8.01

*Solubility as mass % calculated on the basis of the analysis for NH;.

®Solubility as mass % calculated on the basis of the analy:
“The mean of w, and w.

for P,Os.

“The value of w; was calculated from the formula: w; = 36.5 + 0.213 #°C.
“The molalities were calculated by the compiler, using the value of w as the starting point.

Auxiliary Information

Method / Apparatus / Procedure:
The samples were placed in 2 glass bottles of about 250 cm®
capacity. In one of them., the equilibrium was aporoached from
below, in the other from above. Samples of the satd soin werc
withdrawn by a special weighing pipet and analyzed. NH; was
determined by the distillation method and P,05 was

ined by precipitation as **double ium salt”*
(NH,MgPO, ~compiler). The temperature of the thermostatic
bath was controlled by the introduction of steam or ice water.
At higher temperatures an electric hot plate was used. For the
highest temperatures, calcium chloride brine was used in the
bath.

Source and Purity of Materials:

The salt was prepared by ammoniating a nearly satd soln of
mono-salt at a temperature ahove 80 °C. cooling the mixture and
filtering the crystals, and air drying them.

Analyses:  cxperimental  calculated
NH, 25.8 25.8
P,05 53.9 53.8

Estimated Error:
The temperature was kept constant to within 0.5 K. The compiler
estimates the reproducibility of the solubility vaiues to be
approximately 1%.
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Components

(1) Ammonium by drogeaphosphate, NITLPO,:

17722 761} or

1) Drammonium hydrogenphosphate: (NHy ) HPO

17783280} or

Original Measurements:

WAL Ross, AR, Herz, KD, Jacob,

Ind. Eng. Chem. 21, 286-9 (1929).

(1) Trammonium phiosphate: (NHL) PO [10361.65-6]

£2) Waer: HLO; [7722-18-5]

Vaviabies:

Compostion at 25 ¢

Propared Ry:

1. Eysseltova

Experimental Data

Solubiity of ammonium phosphates in water at 23 °C

Solubitity H,0
Compuund conip? conc. 100w," m fmol kg ' 100m,"
NH 1RO, 400 2.6 248 714
(NH, HPO, 0.5 410 5.26 59.0
(N1, PO 177 1540 1 830

“The composition umt s g/100 g 10,

ed by the compiler

W
These vikues were caleula

Auxiliary Information

Method / Apparatus / Procedure:

No nformation is given

Source and Purity of Material:
No information is given.

Estimated Error:

No information i given.

Original Measurements:
P. Askenasy, F. Nessler, Z. Anorg. Chem. 189, 305-28 (1930).

Components:

{1) Ammonium dihydrogenphosphate: NH,H,PO,:
[7722-76-1)

2) Water; H,0; [7732-18-5]

Variables:

Composition and temperaturc.

Prepared By:

1. Eysscltovi

Experimental Data

Solubility of ammonium dihydrogenphosphate in water

NH,H,PO, NH,H;PO,
we ctmol 171 ve chmol 17!
0 1.98 60 7.16
25 360 70 835
50 590 80 1028

These values were obtained by interpolation.

Auxiliary Information

Method / Apparatus / Procedure:

The isothermat method was used. The mixtures were agitated
in a thermostat for 2 to 4 days. The solid phase was separated
from the liquid phase by centrifuging. The analytical
procedures are not described

Source and Purity of Materials:
No information is given.

Estimated Error:
The temperature was controiled to within 0.1 K. No other
information is given

80¢€l
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Components: Original Measurements:
(1) Ammomum difyydrogenpiosphate: NHH PO
{1722 7617 o A 167, 3609 13933).
() Diammomun hydrogenphesphiaie; (NH,1,HPO,:

JTIRLRO)

(2 Waters 1,0: [7732 18 5]

K. Chomyukov. A. Yaworovskaya, P. 7. Shirokikh, Phys. Chem.

tables: Prepared B:

Composition at 22 J. Eysseltovit

Experimental Data

Salubility af amumonium phosphates in water a0 23 °C

Solubitity H,0
Compuund 100w, m ol kg ' 100w,
NH, H.PO, 23 343 I
(NI, HPO, 4Ll 5.28 589

“These vabues werecabeulated by the compiter

Auxiliary Information

Method / Appa

The solubility was found graphically fom the piot of density Al mterials we

ss / Procedure: Source and Purity of Materials:

from de Haen or Kahlbaum and were purified

SN composiion twice. pulverized, and dried in vacuunt before being used.

Estimated Error:

No information is given.

Components:

(1) Diammonium hydrogenphosphate: (NH,);HPO,;

[7783-28-0)
(2) Water; H,0; (7732-18-5

Qriginal Measurements:
E. Jinccke, Z. Phys, Chem. 177, 7-

16 (1936).

Variabl
‘Composition and temperature.

Prepared By:
J. Eysseltovi

Experimental Data
The temperatures at which the last crystals disappeared in the (NH,);HPO,— H,0 system

NH; H,0 (NH,),HPO,*

100w, 100w, 1°C? tech 100w, mmol kg !
214 169 193 191 83.1 373
211 19.4 184 180 820 344
18.8 25.2 163 159 73.0 20.5
16.7 344 130 122 649 140
16.0 370 123 17 622 124

“These vaiues were calculated by the compiler. The NH, content was taken us the starting point in these calculations.

"These are the results of repeated observations.

Auxiliary Information

Method / Apparatus / Procedure:

The only i given is that a

furnace was used.

rotating

Source and Purity of Matertals:
Na information is given.

Estimated Error:
No information is given. The
ibility of the

compiler

estimates  the
10 be £3°C.
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Components: Original Measurements: Components: Original Measurements:
(1) Diammoam hydrogenphosphate; (NH,);HPO, K. S. Chernova, lzv. Sekiora Fiz. Khim. Analiza, Inst. Obshch (1) Ammonium dihydrogenphosphate; NH,H,PO,; J. Myl. Z. Solc, J. Kvapil, E. Schierova, Sh. Ved. Praci VSChT
[77%3.28.0) Neorg. Khim. Akad. Nauk SSSR 15, 112-7 (1947) [7722-76-1] ’ Pardubice (Trans. of the High School of Chemical Technology at
(21 Waer: Hy0, [7732-18-5) (2) Water; H,0; [7732-18-5} Pardubice} 2, 63-76 (1961).
wariablen. Prepared Byt Variables: Propared By:
Compositim and emperiure J. Eyssehtova Composition and temperature. J. Eysseltovid
Experimental Data Experimental Data
Solubility of {NH},HPO, in water Composition of saturated sotutions of NH,H,PO, in water
(NH,),HPO, H,0 NHH;PO, H,0
e 100w, mimol kg '® 100w Solid phase® 7o comp * 100w, m/mol kg™ ' 100m >
0 3 0.2 97 A 25 408 290 355 7.0
12 6 05 94 A 30 453 312 3.94 68.3
16 9 07 9l A 40 55.8 358 485 64.2
22 12 0 88 A 50 682 405 593 59.5
2 is 13 85 A 60 2.8 453 7.20 547
6 19 18 81 A -
‘ et e SN
ER] 24 24 76 A .
6l n 29 7 A Auxiliary Information
63 296 318 70.4 A+B
70 0.4 331 69.6 A Method / Apparatus / Procedure: Source and Purity of Materials:
73 20 3.56 68.0 A A modification of Tocpler's method' was used. No information is given.
8.2 ARKY) 27 67.0 A
9.0 KR 397 65.6 A® Estimated Error:
95 50 4.08 65.0 A+C No information is given.
a0 6.4 433 636 le
00 W4 331 69.6 B References:
10 3.0 3.56 68.0 B '3, My}, 3. Kvapil, Colln. Czechoslov. Chem. Commun. 25. 194
R kERD} 390 66.0 B (1960).
10.6 35.2 an 64.8 B
122 360 426 64.0 B
158 384 472 61.6 B
IR} 9.0 4.84 61.0 B
200 0.4 513 59.6 B

“These values were caleulated by the compiler.
“The solid phases are: A = ice; B=(NH;),HPOy-2H, 01 C=(NH,);HPO,.
“Fhis is o metastable equilibriom.

Auxiliary Information

Method/Apparatus/Pracedure: Source und Purity of Materials:

A polythermic method was used. The cooling agent was a Anhydrous (NH,),HPO, was recrystallized from a solution
mixtre of ive and NaCl. Because of supersaturation. the containing a small excess of ammonia. No other information is
tompaturs uf dissclution of the lnst crystal won measurod. given

imated Error:

The only information given is that the precision of the eutectic
lemperatures is —6.5+0.30 °C and —9.5£0.20 °C.

(11358
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Components:

<0 Ammonmn dihydrogenphosphate: NH,HL PO,
[#722 76 1]

(28 Water, HLOL [ 7732 18 5]

Original Measurements:
A Go Bergman, R Tashiennrov, Ukr. Khim, Zh, 33, 565-8
R

Components: Original Measurements:
(1) Ammonium dihydrogenphosphate; NHH; PO,; S. D. Fridman, N. N. Polyakov, L. S. Skum. R. Ya. Kiindasova,
[772276-13 Khim. Prom. (Moscow) 47. 588-9 (1971),

12) Water; H,0: [7732-18-5]

Variables:

Femperamie and conmpositon

Prepared By:
1. Eysseliovi

Variables: Prepared By:
Temperature and composition. 1. Eysseltova

Experimental Data
Solubiiity 1 the NH,H PO~ HyO system

Experimental Data
Solubility of NH,H,PO, in water

s 100w, ol kg Solid phase™
2 in 0.966 A
4 17 178 A
48 i 191 A+B
Lo 0 204 B
[ER 20 217 B
105 228 252 B
25 3130 B
1S 325 419 B
[RRRY M 448 B+C
L9 3 4.68 c
RN TR 5.22 c
S 40 500 C

‘e molihties were caleulied by the compiler

MThe salid phases are: A=ice: B+ a -NHH PO C =8 NH,HLPO,

Auxitiary Information

Method / Apparatus / Procedure:
A visoal polythermic method was used. A mixtare of solid
catban drovide and acetone was used as the cooting agent

Source and Purity of Materiak
Reugent grade NH,H,PO, was used. It had a melting point of
200°C.

Estimated Error:

No information is given

NH,H,PO, H,0
1°C 100w, mfmol kg™ "¢ 100w,*
100 634 15.1 36.60
1o 678 18.3 32.20
120 720 224 28.00
130 757 27.1 24.30
140 79.0 327 21.00
150 822 40.1 17.80
160 852 50.0 14.80
170 88.3 65.6 .70
180 916 948 8,40
190 94.7 1553 530

“These values were calculated by the compiler.

Augxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was used. No information is given.

Estimated Error:

The precision of the temperature of disappearance of the last

crystal was 0.5 K.
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Components: Originat Measurcments:

11 Ammonium dibydrogenphosphate: NH.H PO,
(7722 76 1]
(2) Water: 1,0, [7732 18 5]

A Kh. Ruchkova, Khim Pram (Macwaw) 40, 1717 (1973

A.N. Sarbacv. E. V. Polyakov. M. F. Tyunina, Z. A. Polyakova,

Variable: Prepared By:

sebtovd

Composttion and temperature of cryohydric point. J

Experimental Data
The T p-d data e given anly w graphical form
The eryohydeic temperatsie 1 - 4.37C)

iss % water,

The componition of the cutectic pomt is 16,9 mass % NHyH; PO, (1,77 molikg -compiler) and 83.1 ma:

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

Novinformation is given, No information is given.

polythermie metiod was used.

compiler assumes that some

Estimated Ercor:

No information is given.

Components: Original Measurements:

(1) Ammonium dihydrogenphosphate: NH,H,PO; T, Akiyama. H. Kanzaki, S. Minagawa, Nippon Dojo Hiryogaku
[7772-76-11 Zaschi 40, 241.6 (1078)

(2) Diammonium hydrogenphosphate: (NH,),HPO;

(7783-28-0}

(3) Water; Hy 05 [7732-18-5]

Variables: Prepared By:

Composition at 273, 298 and 323 K. Hiroshi Miyamoto

Experimentat Data
Solubility of NHyH,PO; in water

e 100w; m Jmol kg™ '
° 192 207

25 29.7 367

50 406 594

Solubility of (NH,),HPO, in water

s 100w, myfmol kg™
0 36.3 432

25 41.6 5.39

50 410 672

"These values were calculated by the compiter.

Auxiliary Information

Method / Apparatus / Procedure:

The NH,H,PO, or (NH,),HPO, was added to water in 2
ghass-stoppered bottle and heated on a water bath at 90 °C.
The mixture was then atlowed 1o settle at a given temperature
for 7 days. Total nitrogen content in the saturated solutions
was determined by chemical analysis. The phosphate content
was determined as P,0s.

Source and Purity of Materials:
Chemically pure ammonium salts were used.

Estimated Error:
Nothing is specified.

[4 %3
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nal Measurements:
L. Vogel. G Figurski, P. Vohland, 7. Chem. 23, 331-2 (1983).

Components:

O Ammioniuni dily diogenphosphate: NH PO,

[7922 76 4] o
(13 Diznmonim hydogenphosphate: (NH, 1 PO,
| 7783 28 0] or

1 Potision: dibydsopenphosphate: KHLPO,: [7775.77.0]
12) Water, 1,00 {73215 5]

Variahles: Prepared By:

Camposttion and temperature 1. Eysseltovi

Experimental Data
Phe solubiliies are presented i graphical form only. The data can be represented by the following equation:

A AARITAC T T

Components: Evaluator:
(1) Ammonia: NH,: [7664-41-7) 1.
(2) Phosphoric acid: H,PO,: [7664-38-2]
(3) Water; Hy0; (7732-18-5)

sehtovd, Charles Univessity, Prague. Crech Republic,
September 1995

Critical Evaluation:

4.2. Crystallization Fields of Individual Ammonium Phosphates
Ammonium Orthophosphates in the NH; - HyPO, - HyO system

s Critical Evaluation are:

A. Solubility branches on isotherms. The coordinates used for all the Figures in U
i ion of alkali metal

(NH,) PO, ~ H;PO,~ Hy0. These are the coordinates also used for the
volume.??

in our earlier

1. (INHy)3POy and Its hydrases.
Most of the anticles report the trihydrate (NH,)PO;-3H,0 as the solid phase in equilibrium with solutions in the region having the

highest concentration of NHy. Anhydrous (NH,) PO, is reported as the stable solid phasc al 25 °C by Parker? and Flatt et al.'® The

latter authors also designated (NH,)3PO, as the equilibrium solid phase al 0 °C in solutions in the region having the highest NH,

where v the mal fraction of e saltm the saturaed solution. The values of the constants are given below:

Salt compunent A 1K ¢ Median error of smoothing x)
NH M. POy 36422 - 3370284 4.901 0.156

INH L HPO 363 697.124 4718 0.072

INIRESH BRI 1510.549 1.128 0.094

Ausiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

Tioe method and appatatus have een deseribed previously.! No information i given
However, plastic stoppers with glass caps were used insiead of

the vessels

imated Error:

The precision of the weights was + 0.000) g. The temperature
was seeurate to within £0.05 K.

References:

', Schuberih, Abhandlung der Deatschon Akademie der
Wissenschafien zu Berlin, Kluse fur Chemie, Geotogie U.
Biologic, Jg. 3, 40 (1960)

The solubility curve reported by Flatt et al.'® is in good agreement with that reported by other authors and it is possible
that Flatt and his co-workers neglected to determine the extent of hydration of the stable equilibrium solid phase. In all likelihood they
used materials identical to those used by others. On the other hand, Janecke’s study at higher temperatures® reports that (NH),PO, -2
H,0 is the stable solid phase at temperatures above 100 °C.

Reports of the solubility of (NH,) POy in solutions of NH, and H;PO, at 273 K (Fig. 5) and at 298 K (Fig. 6) can be evaluated.
The solubility data at 273 K reported by Jinecke,* Muromtsev®” and Flatt et al.'® agree fairly well with cach other and may
tentatively be accepted as correet. A comparison of the data at 298 K indicates that the data of Parker® and the more recent results of
Vol'fkovich et al." are in error and should be rejected.

2. (NH ) H (PO

(NH,)7H(PO,), is reported as a stable solid phase at 333 and 348 K by Brosheer and Anderson.'’ and at 323 K by Fleet et al.!®
Howcver, Muromtsev®” did not find it at 323 K. nor does Janecke.® mention it in his study at 373 K. Obviously. additional work is
necessary hefore a recommendation can be made about the existence of this compound.

3. (NH.),HPO,

The isotherms a1 273 K are shown in Fig. 7 and thosc at 298 K in Fig, 8. Thesc Figures represent the solubility field of
(NH;,),HPO, in the NH;~H;PO, - H;0 system. From Fig. 7 it is evident that the solubility resulis reported at 273 K by different
authurs differ subsantially, The evaluaor's opinton is that, at 273 K, 1ne pnase alagram is markeary influenced by the possibility (hat
the dihydrate (NH,);HPO, -2H,0 is formed. According to Kaganskiy and Babenko,'” the triple point for the simultaneous
crystallization of NH.H,PO,, (NH,),HPO, and (NH,);HPO,-2H,0 is at 3.4 °C. However, Balabanovich et al.'” point out that
measurements in this region are complicated by supersaturation. Therefore, the nature of the equilibrium solid phasc may depend on
the experimental conditions.

At 298 K, the solubility results of Parker® have a systematic error and must be rejected. This also appears 1o be true for the data
presented by Flatt, Brunisholz and Dagon'® for solutions from which NH,H,PO, and (NH,),HPO, precipitate simultancously in spitc
of the fact that their complete isotherms are in agreement with those of other authors. Vol'fkovich®! presents two isotherms for this
region. In one, the composition unit is g/100 g H,O: in the other it is 100w, . The results of the two isotherms are not identical. The
former appear to be in eror and are rejected. The rest of the data"®!%43 agree with cach other and are recommended tentatively.

4. NH,H,PO;.

NH,H,PO, crystallizes congruently in a well develoed crvstallization field. The data can he evaluated at 273. 298 and 393 K.
Figs. 9-11. These Figures show that the data of the different investigators are in good agreement with each other, except for the
eutonic points reported by Flatt, Brunisholz and Dagon.'¢

5. NH,H5(POy), H,0.

Both Muromtsev®” and Flatt** report that this compound has a definite crystallization field in the most acid region (100w; HyPO,>
61) at 273 K. The data do have some scatter, probably duc to analytical difficulties. Additional data are necded before a
recommendation can be made. A similar situation exists at 208 K where Muromtsev's data®” differ appreciably from those of Flatt
and co-workers. The latter found crystallization fields for NH,Hs(PO3), and (NH,),Hy(PO,), in their detailed study of the region
with excecs H,PO, 15

6. The tentative data for the solubility isotherms of (NH,);PO4-3H,0, (NH,);HPO;, and NH,H,PO; can be expressed by the
following equations:

= 2 3
W= Ao @1 Waaa 8y Wiey a3 Wag (6)
or

Taa byl ™
where salt = (NHy);POy, acid = HyPO,, w= 100w, , m = mol/kg H,0, and a and b are coefficients whose values are given in Table
1.

M =byt by Myigtby-m
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Lable 1

¢ he parsmeters aand b for the smoothing equrttons

Sold phise a ay a a3
INHE PO MO b.SNT [IXO T D405 002405
ONH PO, 3O 160 0.7307 006148 [
(NI POy, AR L1263 0 00004983
NHHLPO, tado 20906 00198 0.0
AN NI PO, 1321 4145 10.2584 0.005298
o NP0, 7007 (RS 00 0.002572
! N PO, [ARE (R3] a0sia DO00669L
by b, h, by
8 203 ENILLPO, 36 D47 0.TONS 1.50¢ 0.6248
v s NH PO, 3O 1150 0.7173 04319 00
1% 208 TN HPO, 1700 0.3480 01985 0.01286
e 273 NHALPO, WNS600 Q06804 0.5227 0.06021
[ 20 NI HLPOY 08363 2014 H0.5966 0.1307
& 208 NILILPO, 2600 1,060 00 QAR6RIT
14 298 NULILPO, 1120 0y 0.009931 0.0

“This s the Branch of the isotherm where

TEs s e Danch ol 1he sotherm where

Wi

s 1y

Fable Th. Charcteristios of the regression and the stoothing equations

e, the solubitity of NHH, PO, in the NHH PO, (NHQHPO, - HSO system.
L N SOIUDILY OF N1, Oy I UIE NHHIPO,

HLPO, =120 sysicm.
WO 3O 8y

No et dl 3 o Maan relative ciror Regression sum of squares Residuat std deviation
' W o0EY 1.69 7165 0.460
2 w90 213 7 0.7443
3 WYl oM [BE3 5884 0.4969
3 W o7 19 308 5409 0.7891
5 w7 22 29 0.9506 0.5149
o wol6d 3 491 117 17421
7 woled 274 13390 0.5459
N w2 192 9.737 0.0423
v WL 2,30 i4.76 00774
o WLt 62 151 16.31 0.0081
il moL 40 269 2832 0.0721
[N w3 S00 410 004209 0.0495
13 m 236 104 3.50 69.73 0.1505
14 m- 236 500 3y 10,5710 0.0632

References:

'3 D' Ans and G. Schreiner, 2. Phys. Chem. 75, 95 (1911).
G. Purker, 1. Phys. Chem, 18, 653 (1914),

‘L. HNCCKE, L. PRYS. Lnem. 127, 71 {192/).

*M. Voogd, Over de Bereiding von Mono- en Diammoniumphosphaat. (Technical University Delfi-in honor of P.E.
quoted in Guieliny Handbuch der anorganischen Chemie, 8ih ed.. 1936, Springer 1974, p. 419

SE. Jancehe, Z. Phys. Chem. 177, 7 (1936)

B. A. Muromtsev, Kaliy 1, 36 (1937)

’B. A, Muramise and L. A. Nazarova, lzv. Akad. Nauk SSSR. otd. Estestv. i Mat. Nauk 177 (1938).

*S. Uno, Kogyo Kugaku Zasshi 43, 399 (19401, ), Soc. Chem. Tnd. Japan, Suppl. Binding 43, 1688 (1940).

"S. L. VolI'fkovich, L. E. Berlin, and B. M. Mantsev, Zh. Prikl. Khim. (Leningrad} 5. 1 {1932).

198, 1. Vol'fkavich, L. E. Berfin, and B. M. Mantsev, Tr. NIUIFa 228 (1940).

!5, C. Brosheer and . F. Anderson, Ji., 5. Am. Chem. Soc. 68, 902 (1946).

13 . Chernova. §2v. Sehtora Fiz,-Khim. Analiza, Inst. Obsheh. Neorg. Khim. Akad, Nauk SSSR 15, 112 (1947).
VIR, Flat. G. Brunisholz, and $. Chapuis-Gottreux, Helv. Chim, Acta 34, 683 (1951,

VR, Flat, G. Brunisholz, and O. Blumer, Helv. Chim. Acta 38, 753 (1955).

"*R. Flutt, G. Brunisholz, and A. Denereaz, Helv. Chim, Acia 39, 483 (1956).

1%, Flatt, G. Brunisholz, and R. Dagon, Helv. Chim, Acta 44, 2173 (1961),

17Ya. K. Balshanovich, 1. 1. Orekhov, and L. Ya. Tereshchenko, Trud. Ser

Scheller)

Zapad. Polilckh. Inst. 69 (1969).

"Yu. . Shenkin, S. A. Ruchnova, and A. P. Shenkina, Zh. Neorg. Khim. 14, 1420 (1969).
"I M. Kaganskiy and A. M. Babeako. Zh. Prikl. Khim. (Leningrad) 44 315 (1970

A. A Volkov, O. E. Sosnina. and L. S. Sedavnykh, Uch. Zap. Permsk. Gos. Univ. 289. 9 (1973).

3. Eyssehiovi and T. P. Dirkse, Alkafi Metal Onthophosphates, I/PAC Solubility Data Series, Vol. 31 (Pergamon Press, 1985).

- Macunin, O. E. Sosnina, A. A. Volkov, and T. L. Danina. Termicheskiy Analiz i Fazovye Rovnovesiya, Perm 79 (1985).

9iel

ISHHIA ‘d "L ANV YAOLTISSAI T



Original Measurements:
3.1 Ans, OZ. Schreiner, Z. Phys. Chem.
75, 95102 (1911},

Companents:

C Ammoua; NH [ To0d 410 7]

123 Phosplioric acut; H PO 7004 3 2]
O Waters AR (7732 1% 5)

Original Measurements:
E. G. Parker, J. Phys. Chem. 18, 633-61 (1914).

Components:
(1) Ammonia; NH;; [7664-417]

(2) Phosphoric acid: H,PO,: [7664-38-2]
(3) Water: H0: [7732-18-5]

iabl Prepared By:

Variables:
Compasition at 25 °C.

Prepared By:
3. Eysseltova

Composinon at 25 C, 1. Eysseltovi
Experimental Data Experimentat Data
Solubdity w the (NI PO, NHLC PO, HHO system al 25 °C Sotubifty in the NH, - H,P0, —H,0 system at 25 °C
NI, H.PO, NH H.PO H,O" A
Comp? comp® i, m ol by 1o, ol kg ! 100w, Salid phase® NH, HyPO, NH;* . H3PO, H,0*
comp® comp® 100w, mfmol kg™ ! 100w, m /mol kg 100w; Solid phase®
14y 0084 126 887 0.52 0.097 865 Al - @ . N
A2 0.20 559 st 20 022 895 A 277 609 a2 2 61.57 863 3372
208 0406 sog 3.6 4.5 081 90.5 A N : S 8 5 18.63 N A
ot I s i 00 120 848 Al 275 5.44 4.68 6.82 55.00 13.92 40.32 A
i 132 <65 S8 129 1.62 814 Al 2.50 461 426 509 46.60 49.14 A
1N RN ¥4 692 227 69.1 A"B 240 362 409 405 36.60 59.32 A
68 s 1.0 1.2 Lt 5.45 580 A~ g
02 323 0.0 1.2 37 5603 574 B 245 264 40 354 2669 69.14 A
o 374 o 121 6.7 715 523 B 258 2.57 439 37 2598 69.62 A
056 401 12 30.3 .10 49.5 B 2.58 267 439 376 26,99 68.61 A
78 ERY 148 425 9.45 459 B 4 130 6.88 7% 130 50
1 RS 18.0 473 12.0 40.3 B 04 33 ) & 3.36 3976 A
o ik 76 7 e 406 B 523 kel 8.91 9.87 38.11 5298 A
s Y 17.6 4.3 119 40.5 B+C 721 475 12.28 18.16 48.02 39.70 A
b 443 17.8 47.3 1.9 4‘12 g*g 7.30 476 12.43 18.51 48.12 39.45 B
T 483 17.6 47 (IR 40.5 +i
e e 6 w3 e gt 701 438 11.94 16.01 44.28 4378 B
IS s o 189 500 135 374 6.90 395 1.75 14.28 39.93 48.32 B
Rt S 700 2 55.9 176 35 s 627 341 10.68 11.43 3447 5485 c
67 674 297 661 299 228 C
2 4. .57 7.2 y X :
7l 454 15.3 4.5 03 441 C 2 z i 641 2598 66.73 (:
S TR e 180 740 524 c 419 1.83 7.14 5.63 18.50 7436 c
a2 16 780 229 5.68 59.2 c 6.59 133 11.22 8.75 1345 75.33 c
7 2w 403 359 4 219 oL E 8.75 0387 14.90 147 8.80 76.30 c
250 254 420 353 249 359 709 o
Vex o e ho 2o sor S16 é 1148 043 19.55 15.08 435 76.10 c
276 6.21 470 801 60.9 180 344 c 14.08 041 23.98 19.59 444 71.88 C
s 770 521 158 755 398 193 c
I8t 786 52K 17.5 77.0 44.4 17.7 c! 2All these values were calculated by the compiler.
The composition unit is: mol/1000 g of the solution.
“These composttions e expressed s molfkg of solution. “The solid phases are: A=NHH,PO,; B=(NH,),HPO,; C=(NH,),PO,.
These valies were caleulated by the compiler.
The soliel phases wre: A~ (NH,) PO, 3H0: B+ (NH),HPO,: C=NH,H, PO, Auxiliary Information
'hese solid phases were analysed
Metastable solutions. Method / Apparatus / Procedure: Source and Purity of Materials:
N § Bottles comaining mixtures of ammonia and orthophosphoric . .
Auwxliary Information acid and in contact with a solid phase were allowed to sotate No information is given.
in a thermostat untit equilibrium was established. Ammonia
Method / Apparatus / Procedure: Source and Purity of Materials: and phosphorus were determined by methods described Estimated Errol
1he isothermial method was wsed. HPO, was precinitated as Commercial matcrials. pure. elsewhere.! No information is given.
NHyMgPO, . 6H,0 and weighed as MgaP20; . Ammonia was
istitled oo an acid solution and determined volumetrically " crors
Estimated Error: References:
The temperature was controlled to within 0.05 K. No other IF. P, Treadwell, W. T. Hall, Analytical Chemistry, Val T, 59,
Utaits are given. The sompilsr asumes the reproducibility of 340013, T

the analyses to he about 20.5%.
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Original Measurements:
7. Phys. Chem. 127, 71-92 {1927)

Components:
(1) Aramonta: NH[760341.7] k. Janc
12) Phosphonic acid: PO [7664-38 2]

(3 Water: H.0: 7732 18-5]

Variabl Prepared By:
Composttion at 273 and 295 K. 1. Eysseitovi
Kxperimental Data
Solubility in the NH, - H{PO, - HyO system
N, PO, 1,0 NH H,PO H,0"
comp? conp! comp’ 0, m ol ke 100w, m/mol kg ! 100w,
ewp = 0°C
Ha 0.0 26 5.63 474 24.6 3.60 69.7
030 s 201 204 182 216 0.232 949
ax.0 2 2075 313 1.94 203 0.219 94.8
420 S8 140 273 174 5.20 0.576 92.1
01 1.9 1380 5.43 343 1.73 0.190 928
IaTe 250 70 331 237 175 0.189 944
921 780 1090 775 498 0.905 101 913
5.7 443 1990 267 1.66 293 0.316 94.4
A0 6000 659 448 s 12,0 1.47 83.5
30 9.0 257 R.O8 7.89 26.7 421 64.6
260 40 210 839 840 330 573 58.7
w2 wox 16 1w 21w 06 250 777
MR 758 35 590 5.03 250 372 69.0
6100 940 058 362 "7 78.3 441 18,1
twenp = 25°C

viA ER S0 EXS 9.97 0.979 0.418 84.6
B X BN 881 K75 575 200 0.228 89.3
607 9 100 5.10 332 4.56 0.515 %0.3
s 85 708 s.l6 357 100 121 843
s 675 m 10.1 9.72 289 4.84 61.0
28 127 20 161 443 103 437
208 77 922 1.7 201 55.7 174 326
201 Y 333 464 90 255 172 69.9
120 874 232 380 an 36.3 6.20 59.9
500 u14 637 5.8 17.5 771 4.6 177

"The composition umt s g/100 g (NHy + P.O5)

hese values were caleulated by the compiler.

T i the only salution for which the total amount of (NH, F Py0Og) is not equal 1o 100, At least one of these values is likely to be in

crror
Auiliary Information

Methad / Apparatus / Procedure: Source and Purity of Materials:

No intormaton is given No information is given.
Estimated Error:

No infermation is given

Components:
(1) Ammonia; NH,; [7664-41-7]

(2) Phosphoric acid: H,PO,; [7664-38-2]

(3) Water, H,0; [7732-18-5}

Original Measurements:

M. Voogd, Over de Bereiding van Mono- cn
Diamoniumphosphaat (Technical University of Delft, in honor
of PEO. Schefer) 5 (1934) [quoted in Ref. (1],

Variables:
Temperature and composition.

Prepared By:
1. Bysseltovd

Experimental Data
Solubility in the NH,H,PO, ~(NH,);HPO,~ H;0 system

NH,* PO43 - NH,® H,PO," Hy0"

1°C comp® comp® 100w, myimol kg™ 100w, mfmol kg ™" 100w, Solid phases*
60 8.29 572 141 278 56.1 19.2 A+B
55 8.13 5.60 138 260 549 179 A+B
50 797 547 136 243 536 16.7 A+B
45 778 531 133 24 520 153 A+B
40 7.64 518 130 211 508 143 A+B
60 739 522 126 204 51.2 144 A
ss 573 453 976 125 444 9.88 A
60 8.20 554 14.0 258 543 174 B
55 7.49 465 128 180 456 1.2 B

“The composition units are: mol/1000 g solution.
PAIL these data were calealated by the compiler,

“The solid phases are: A=NH,H,PO;

it

B

(NH,),HPO,.

Ausiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:

No information is given.

Estimated Error:
No information is given.

References:
!Gmelins  Handbuch der anorganischen Chemie, Sth ed.,
Springer, 1974, p. 419 (1934).
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Pt TE TTe Chaau bt zation o1 i s il gage 1t alnise oot ane

Components: Original Measurements: NH, Hy0 NH® HyPOS
€0 Ammonia: NH . [7604 41 7] E. Janecke. Z. Phys. Chem. 177, 7-16 (1936). 100w, 100w, m,fmol kg™' 100w, mmol kg 1 /oCh 1 1°C" et g 1mct R"
£2) Phosphotic acid: HL PO, (7600 38.2
(3 Water: W00 (7720 13 3¢ 29 185 790 566 312 — 179 194 —
72 36.9 433 359 993 146 175 180 - -
ables: Prepared By: 272 272 58.7 456 171 — — 195; 195 155 32
Componition s wiperre J. Eysseitovi 2.4 23 506 413 17. 138 158 183; 180 — 3
270 K 413 346 9.19 160 171 explosion - 31
Experimental Data 256 38.1 395 363 972 125 160 170; 170 148 52
Dust L Uhe temperutus at swhich the funt eyl disappesred in the M, HPO, 4,0 syutem 24.0 364 w7 W6 ni 178 165 175 157 21
23 30 22 467 154 95 142; 140 170; 167 152 El
NH, 0 NH, HPOS 220 319 40.5 461 147 122 142 164 — 3
10the, Tt et NS mfmol kg ! 100w, mgmol kg ! Solid phase 21.8 326 39.3 456 143 s 155 160 125 3l
2238 413 324 359 8.87 140 147 162 1o 52
0.50 Rl o0 . 109 8.5 171 NH,H5(PO), 235 45.5 303 310 6.95 — 158 164; 162 148 41
.90 0 s R s oL 310 NH,H;(PO,); 202 512 232 286 570 151 145 155; 152 — 21
s 145 154 w2 8.5 4ot NH,H;PO. 219 470 274 3Ll 675 130 149 162 — — c
¥.50 126 - 1.6 615 209 NH,H,PO, 209 545 225 24.6 461 80 141 144; 144 105 - o
0.50 KK 127 635 216 NH,H;PO, 2.5 603 200 192 325 — 144 147,147 198 1 >
1.0 vl - 185 510 157 NHH,PO, (]
150 53 140 50.5 [ETATS N #Theac data were valeulatd by the compiler. =~
0.0 * 147 500 NH,H,PO, PThe meaning of the terms is as fotlows: ) o
170 125 <21 (NH,),HPO, t,.the temperature at whfch one liguid 'ph{m was observed during heating. -
g £3..4he temperature at which the other liquid phase appearcd.
RS 164 4 89 (NH,),HPO, 1;..the temperature at which the last crystal disappeared. 2]
164 S 180 523 652 (NH,);HPO, 1,..the temperaiure al which the first crystal appeared during cooling o
150 1o 4 550 (NH,);HPO, R.approximate ratio of the amount of upper layer 1o that of the lower layer. E
125 1007 245 51.5 (NH,),HPO, o
is » 26 s (NH,),HPO, Ausitiary Information =
:‘ i :t :: : :;2 :r’j :::; z::g: Method / Apparatus / Procedure: Source and Purity of Materials 1
! . . oo Pt 0 (NHA PO, 2.0 The only given is that a self- apparatus No information is given. o
s T 185 56.6 56.2 25.7 (NH,);PO;-2H,0 Estimated Exror: 3
185 147 [l 3.3 489 153 (NH,),PO,-2H,0 No information is given. The compiler cstimates the >
187 148 148 0.2 450 126 (NH,)1P0,-2H;0 ibility of the 10 be about 2 °C. »
1.1 149 - 273 398 9.88 (NH,);PO,-2H,0 m
16.7 124 - 240 424 106 (NH,);P0,-2H,0 =)
i3 s fhd 192 218 378 (NH,)1PO,-2H;0 m
156 138 19.2 244 437 (NH,);PO,-2H,0 w
270 121 121 927 559 334 (NH,);P0,-2H,0
16.6 1" it6 170 2.1 465 (NH,);PO,-2H,0
165 1257 — 188 321 637 (NH,);PO,-2H,0
5.3 14 13 7.4 6.26 {NH,);PO;-2H,0
129 95 - 15.1 6.0 (NH,),PO,-2H,0
174 101 100 150 1.85 (NH,),P0;-2H,0

ng of £, and 1y is nat defined. The compiler's opinion is that these are the results of repeated measurements.
These values were caleulated by the compiler.

61€L
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Compo

ts:

(1) Ammonia: NH 3 [7664-41-7]
{2) Phosphonic acid; RyPO; [ 766438 2]
{3) Water; H,0; [7732-18-5]

Original Measurements:

1. B.A. Muromtsev, Kaliy 1937, 1, 36-9. 2. B.A. Muromtsev,
L.A. Nararova, lzv. Akad. Nauk SSSR, Oud. Estestv. i. Mat.

Nauk 177-84 {1938).

Variables:
Composition at 273, 298 and 323 K

Prepared By:

L.V. Chernykh and J. Eysscltovd

Experimental

Data

Table L Solubiiity in the NHy- H;PO,; - H,0 system at 0 °C

NHy* HpO* 0" (NH)0 P05 (NH),0 P05
100w, mJmol kg ' K0, mymol kg 100w, 100w, 100w, 100x, 1003, Solid phase®
temp = 0°C*
2371 18.27 0.070 0.000 76.22 36.25 005 16.45 A
1648 1161 0.150 0.01% 83.37 2518 01 10.44 A
1AE8 9.49 0.230 0.027 85.89 2121 017 8.53 A
745 504 0.620 0.069 91.53 12,00 045 4.53 A
A} 199 L8 0.202 94.90 492 1.36 178 A
220 140 310 0.334 94.64 346 2.24 1.25 A
241 153 524 0.579 92.35 3.68 79 135 A
305 247 965 114 86.70 558 699 214 A
74 575 19.92 279 7294 10.90 1442 470 A
178 0.49 36 70.41 1189 15.80 525 A
ERE] 6.97 292 339 68.90 12.50 16.60 559 A
.35 7.19 2350 3.52 68.15 12.76 1702 575 A
9.34 4.50 26,56 43 64.10 1428 19.22 6.68 A+B
9.97 10,15 0238 572 57.68 15.23 2343 7.57 B
10.12 10.50 1326 599 56.62 15.49 24.07 778 B
10.71 1222 1184 7.50 51.45 16.39 27.40 8.68 B
(RS} 13.68 4106 8.77 47.80 17.04 29.75 9.37 B+C
B 60 R76 376 598 57.64 1304 2445 6.49 c
6.32 5.57 27.02 414 66.66 9.67 19.59 4.36 C
189 298 19.37 2.5% 76.74 595 1403 245 c
382 263 17.9% 234 78.50 538 13.02 2.19 c
A07 225 16.65 212 30.28 4.69 1203 1.88 c
288 213 18.69 243 7846 435 13.52 176 c
290 224 LR 285 7591 443 5.34 1.83 (o
300 242 425 3.40 7278 459 17.57 1.94 c
152 5.99 61.96 18,32 3452 44.90 3.24 c
S o0 o290 oz 704 50.27 3.2 cro
154 R.19 7109 28.59 25.37 1.50 3.64 D
3 7.65 71.80 2936 24.95 52.00 335 D
270 6.97 74.54 3342 2276 54.00 2.85 D
296 8.67 7700 M2 004 DB 3.24 L
282 w22 79.22 45.01 1796 57.35 3.7 D
340 1570 8393 67.59 1267 60.75 4.14 D
352 17.33 84.55 72.32 1193 1.25 433 E
292 15.99 86.36 82.20 10.72 62.50 3.63 F
171 6.51 8293 55409 15. 60.06 197 F
temp=25 °C
40 34.09 5.65 61.60 24.69 3.08 422 c
164 27.20 405 6855 19.70 286 318 c
347 25.09 3.62 70.73 1818 277 2.89 C
358 24.46 351 71.20 17.72 287 280 o}
ERK) 2492 360 70,60 18.05 295 287 c
242 2591 372 7013 18.79 332 3.03 C
9.14 36.50 678 54.95 26.44 6.62 491 [
291 ¥1.40 62.08 13.38 58.96 6.38 1727 C+E
20.67 87.44 96.04 9.29 63.33 417 19.40 E
20.84 88.93 SIS 8.17 443 64.41 374 20.11 E
temp = 50°C
12.26 8.50 301 0.362 8473 %76 218 7.56 0.32 A

9.35 6.71 8.80 1.10 81.85 1431 6.38 5.82 0.95 A
897 6.85 14.10 187 76.93 1372 10.21 578 1.58 A
9.33 7.54 18.05 2.54 72.62 14.27 13.08 6.23 209 A
11.18 10,98 29.02 4.95 59.80 17.41 21.02 8.40 379 A
1149 1Hn 30.96 5.49 57.55 17.58 2243 8.83 4.13 A+B
12.20 13.34 34.10 6.48 53.70 28.67 24.70 975 473 B
12.03 13.26 3471 6.65 53.26 18.41 25.14 9.65 4.83 B
12.00 13.25 34.84 6.68 53.19 18.36 25.22 9.61 4.85 B
12.03 1347 35.52 6.91 5245 1841 2573 9.73 498 B
1207 13.67 36.07 710 51.86 18.47 26.13 9.82 5.09 B
1228 14.70 38.67 8.04 49.05 18.79 28.0t 10.41 5.70 B
12.64 16.49 9.60 45.01 19.34 30.68 11.05 6.43 B
13.88 2476 16.49 3292 21.24 38.54 14.01 9.32 B+C
8.50 977 8.07 51.08 13.00 29.28 6.81 563 [
6.68 6.80 6.30 57.69 10.22 2581 499 4.03 c
6.10 6.04 595 59.32 9.33 25.05 448 4.4 C
5.84 5.85 6.18 58.65 894 25.78 4.31 4.55 c
577 647 e.16 52.35 0.02 3004 4.50 5.08 c
5.68 8.43 14.13 39.55 8.68 39.68 5.03 843 C
597 15.86 33.19 2.1 9.13 5209 6.50 13.62 C
648 3627 80.77 10.49 991 60.14 8.36 18.60 C
6.44 45.95 105.8 8.23 9.85 61.80 R60 1980 c
5.88 56.98 1483 6.06 8.99 63.78 - 8.09 2107 B+C
13.81 247 16.59 32.82 E

“These values were calculated by the compilers.

®The solid phases are: A=(NH)3PO, 3H;0; B=(NH),HPO,: C=NH,H,PO,: D=NH,Hy(POs);-Hy:O E=NH,H,(PO,);; F
=2H,P0,-Hy0.

Ihese data appear only in source paper 2.

ADDITIONAL DATA: In source paper | the composition of the solution saturated simultaneousty with NH, H;PO, and (NH,);HPO,
at 323 K s reported as 13.81 mass % NH; (24.72 mol kg™ —compilers) and 53.37 mass % H,PO, (8.36 mol kg "' ~compilers).

Auxiliary Information

Method / Apparatus / Procedure: The isothermal method Source and Purity of Materials: Chemically pure ammonia and
was used. The composition of the solid phases was determincd  analytical reagent grade HyPO, were used. The matcrials werc
microscopically and with the use of the Schrcinemakers purified by repeated freezing.
method.

Estimated Error:

The temperature was kept constant within 0.05 K.
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al Measurements: Components: Original Measurements:

Components:

 Ammonie NH L (7064 38 7] 1. $.1 Vol'fkovich, 1.E. Berlin, B.M. Mantsev, Zh, Prikl. Khim. (1) Ammonia; NH,: [7664-41-7] S. Uno, Kogyo Kagaku Zasshi 43, 399-402 (1940, 1. Soc
21 Phesphosie acnd. 10,2 17600 W 2 (Leningrad) §. 1 (1932), 2. S.I Val'thavich, LE. Berlin, B.M (2) Phosphoric acid: HiPO,: [7664-38-2) Chem. tnd., Japan, Suppl. Binding 43, 168B-70B (1940).
VO Waier, B0 (7742 18 5] Manisev. Tr. NIUIE 22842 (1940}, (3) Water; H;0: [7732-18-5
Variables: Prepared By: Variables: Prepared By:
Compostion al 25°¢ 1.V, Chernykh wnd J. Eysseltovd Composition at 25 and 70 °C. ). Eysscltova and Hiroshi Miyamoto
Experimental Data Experimental Data
Fable | Solability in the NH PO, (NH 1, HPO, 1,0 system at 25 °C. Composition of the sawrated solutions
NHH. PO, (NI HPO, N , HPO* , H.0° - N NH,H,PO, H.PO, NH;" H,PO," H,0"
w100p 1.0 100, ol kg 10w, i, imal kg 100w, Solid phase! g/H00g H,0 100w, mmol kg ! 100w, ol kg ! 1000,
411 0 ERE] .59 249 359 70.8 A
437 S 5.0% 440 272 410 A temp = 25°C
7 272 8.2 79 36 3 A
P N S s P i A 07 0 4B 354 246 3.54 7
502 e 118 160 HY 106 A 519 205 446 451 375 6,60 580
A N8OS 2 47.2 .o +
oo s 5 (OI :7 | e _;:.4 ABB 66.6 489 4.5% 579 49.0 108 464
87.3 90.6 465 7.59 59.4 16.% 36.0
Table 11, Solubility in the (NI HPO, - (NH) PO, - HLO system at 25 CF 0.2 119.3 4.706 8.884 64.19 21.06 310
1307 169.3 4837 1136 70.16 28.64 2500
INHLLHIO, (N PO, N H.PO H,0° 23.0 330.5 1.2 Y
el 1,0 100w, ol g ! 100w, ol kg ! 100w, Solid phase” A 20 2078 0 21 1480
5 e o 1 564 513 B temp = 70°C
0.3 0.5 1o 1l hRJ| 8.5 B+C 100.7 0 7428 8753 4274 8.753 49.83
S 645 V.90 9.23 440 63.0 C
s o o6 w15 s 650 ¢ 105.7 14.10 7119 9188 47.38 1063 45.50
i 24 050 471 1.57 £10 C 107 23.80 6.988 9.623 50.36 12,08 42.64
. 136.1 6160 6.768 1183 59.64 1812 33.59
Vable 1. Solubility i the NH - HLPOg HLO system a2 157.1 96.50 6577 13.66 65.14 23.50 2828
2499 206.5 6.649 2172 7537 42.79 17.97
NIB [XIN NI H PO Hy0 .
Hitee, 1ty mmol kg ! 1, i fmot kg 100w, Sofid phase *The nature of the salid phase was not reported.,
s . ' - 260 0% A "1Inese values were caleulated by the compilers.
SO8 19.7 430 410 6.7 A
.53 2 o1y 5.8 62.0 A Auxiliary Information
%26 204 877 6.73 553 A
v x4 07 1x 851 49.2 A Method / Apparatus / Procedure: Source and Purity of Materials:
||‘ £ ih 16 }‘J :Qg j;i A?»B The isothermal method was used. Ammonium Chemically  pure  reagents were  used.  Ammonium
;[, w/ 4‘ ? 1?” o Pl . dihydrogenphosphate, phosphoric acid and water were placed dihydrogenphosphate was recrystaliized.
07 w2 o o o soc in ampules. The mixtures were shaken in a thermostat at 25
o 2o oo s o pt and 70 °C. After equilibrium was ciablished, the mixtures Were — poi o
$.9% " x04 105 65.6 c aflowed 1o settle. A pipet was used in sampling aliquots of the - . .
e o " o e ¢ saturated solution for analysis. Solubility: nothing specified. Temperature: precision =0.05 K at
X 2 09 & 298 K and +0.5 K at 343 K.
6.7 RS 4.30 0.358 90.1 C

These values were caleulated by the compilers
e solidh phases are: A= NHGHPOZ: B (NH)LHPO,: C= (NHL) PO, - 31,0,

“These d in source paper 2 only. The rest of the d

4 are in hoth source papers

Auxiliury Information

Method / Apparatus / Procedure: Source and Purity of Material
The isuthermal method wins used. Equilibration required 305 No information is given
day . The compasition of the solid phases was determined by

he Schrememaket wihad. ot Y
the Schrememakers method. Estimated Error:

THC (CIPCTUUTE Wits KEPL CONUAL WINIA 0.3 K
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Table 11. Solubility in the NH,~H PO O system at 75 °C. The sofid phase was determined by the Schreinemakers' method

Anderson, Jr.. J. Am. Chem. Soc. 68, 9024

Comprenis, UrInal Measurements:
G0 Ao, NHL[Tond a7 10 Brosheer, BF
€ Piosphone acal, PO 760448 2} 11936,

o Water, 0L, 173218 5]

Variables: Prepared By:
Compositicn at 6 and 75 1 Eysselhovi
Table 1 Sotubhiy i tie NI HEPO, HLO systems at 78 € The solid phise was determined by microscopic examination
NI, .o, Hy0"
100n mmal ke hhe, mfmol kg 1 1004 Solid phases™
0% 1349 6380 2217 20.39 A
Y s SK.H) 16.93 3502 A
[ 07 S48 164 Il A
702 .76 5467 1450 EIRT] A
728 w91 49.79 11.83 4296 A
7.4 1796 10.92 4481 A
T8 45.25 v.77 47.27 A
771 4442 947 47,87 A
XN 4454 9.54 47.65 A
9.8 4480 v.67 47.34 A
10,14 4491 v.75 6,98 A
10,31 4501 956 16.69 A
10.85 45.31 10.02 46.16 A
237 47.02 1096 4176 A
12,50 4747 1105 4356 A
13.27 47.93 ins2 4247 A
1469 4805 11.64 4213 A
1385 %13 1.0 41.97 A
15.5% 49.73 1277 9.73 A
17.20 5106 1377 37.85 A
7.97 51.61 14.21 37.05 A
18,54 52.00 1455 36.48 A
2044 2.2 15.67 34.68 A
2190 54.07 16.50 3343 A
104 2400 5508 17.60 1191 A
1314 2483 55.79 18.32 3107 A
. 29.34 57.68 2086 28.22 A
4.3 30.65 58.19 21.62 2747 A
14.30 37 58.41 2191 27.20 A
14,01 ALYe 58.55 2226 26.84 A
17.59 2591 59.23 2642 25.88 A+B
.70 0. 56.85 2039 2845 B
1447 53.04 16.66 3249 B
14.24 . 993 1422 35.83 B
13.82¢ 2044 36.48° 1195 39.70 B
13,58 i7.76 4153 9.44 44.89 B
13.42 16.61 3913 84t 4745 B
13.38 16.39 38.60 824 47.93 B

“These values wete caleutated by the compiler.
PThe solid phases are: A= NHH,PO,: B = (NH,),HPO,.
“This is the average of five determinations.

NI HPO, H,0
00w, mmol kg " 100, mfmol kg 100w ,* Solid phases”
6.45 KIES) 80.35 64.05 12,50 A
672 2187 75.24 42.56 18.04 A
13.55¢ 16.24¢ 3746 780 4899 BIC
12.88 14.68 705 5151 [q
1247 1343 6.18 54.51 d
12,08 12,16 517 C
1191 455 C
11.9% 4.22 6228 o
1183 3.52 65.57 [
1194 347 67.20 ¢
12,15 209 72,89 C
1347 116 77.67 «
15.40 0.690 79.24 C
2047 0.252 7761 [«
2273 w1an 758 C

‘Table 11, Soluility in the NH, -H\PO, ~Hy0 system at 60 °C. The solid phase was deteemined by the |

hreinemakers” method

NH, H.PO, H,0
100w, mmol kg ™ 100w, m/mol kg ' 100w, Solid phases®
1774 16.26 4124 9.14 46.02 B
1236 14.61 37.96 7.80 49.68 B
1245 14.39 36.76 739 50.79 B
1254 14.28 3590 7.10 51.56 B
12.62 14.34 35.69 7.05 51.69 B+C
12.64 14.34 3561 7.02 5175 B+C
.72 12.04 3L13 5.56 5715 c
11.04 10.29 2598 421 62.98 c
“These values were calculated by the compiler.
"The solid phases are: A=NH,H,PO,; B=(NH,);HPO,: C= (NH,);Hy( PO, ), or (NH,);PO4-2(NH,),HPO,.
©This i dic average of four delerminations,
Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
Mixtures were placed in 300 ml glass-stoppered boules which ~ Reagent  grade  H,PO;.  monoammonium phosphate,

were rotated end-over-end in a constant temperature bath for at
Jeast 3 days. Mixtures in which the vapor pressure of NHx
prevented accurate sampling from open flasks were placed in
special flasks for use under pressure. Aliquots of HC! solns of
the samples were analyzed for NH, by addition of alkali and
distiliation into standard acid. Other aliquots were analyzed for
H;PO, by double precipitation a5 NH;MgPO, - 6H,0 and
ignition (o Mg,P,0; .

diammonium phosphate and agueous ammonia were used,
Recrystallization did nat alter the solubility of the salts.

Estimated Error:

The temperature was kept constant to within +0.05 K. Duplicate
results were accepted only when they agreed within 0.5%.

ciel
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Components:

(10 Ammonia: NH L [7664.41.7]

(23 Phosphoric seid;, B PO, [7664 382
() Water: H,0: {7732.18.5]

Original Measurements:
“hernova, Izv. Sektora Fiz. Khim. Analiza, Inst. Obshch.
Neorg. Khim. Akad. Nauk SSSR 15, 1127 (1947)

Components:

(1) Ammonia; NHy; [7664-41-7]

(2) Phosphoric acid; HyPOy; [7664-38-2)

(3) Water; H,0; [7732-18-5)

Original Measurements:
R. Flatt, G. Brunisholz, S. Chapuis-Gottreux, Helv. Chim. Acta

34, 68391 (1951).

Variables:

Composition at 0°C in the region where
(N, 1, HPO, - 2H,0 and (NH, ), HPO, s the solid
cquihbrium phases,

Prepared By:

J. Eysseltovi

Experimental Data
Solubulity in the crystallization field of (NH, ) HPO,-2H;0 in the (NHy),PO,~Hy PO, ~H,0 system at 0°C

NH, H PO, H,0

100w, mmol kg 100w, mmol kg '* 100w, Solid phase®
v.is 5.62 26,95 432 63.70 A
750 6.58 22,60 3.31 69.60 B
738 603 20.79 295 71.83 B
R8 753 26.31 4 65.31 B
LR 749 26.52 4,15 65.17 B
9.25 9.00 30.40 5.4 60.35 B
950 9.52 3193 5.50 58.57 B

32.20¢ 8

wa 0.7 33,30 598 56.85 D

1L 10.5% 3424 6.27 5572 B

1012 10,88 35.26 6.59 54.62 B

1071 12,22 3784 7.50 5145 A

114 1368 41.06 877 47.80 A+C

“These values were caleulated by the compiler.

PThe ol phisies anes A = (NHLLHPO,- R =(NHL L HPOL . 2H O

=NH,H.PO),

“The meaning of this point is not clear. The compiler assumes itis a parallel analysis of HyPO; in the solution above,

Auxiliary Information

Method / Apparatus / Procedure:
The isothermal method was used with mechanical stirring and
an ice-water mixlure

as the bath. The equilibrium was
ascertained by vepeated analyses of the liquid phase (no details
ate given). Lguilibrium was reached within 24 hrs.

Source and Purity of Materials:

Anhydrous (NH,),HPO, was recrystallized from a solution
containing a small excess of ammonia, No other information is
given.

Estimated Error:
No information is given

Variables:

Composition at 25 °C.

Prepared By:
1. Eysseltova

Experimental Data
Composition of saturated solutions of the NH,* ~H* ~ PO~ - H,0 system at 25 °C

NH,* H' H,0 NH," H,PO," H,0"
ion % fon % comp* 100w, m,fmol kg™ 100w, mJmol kg~ 100w, Solid phases®
8.96 91.04 530 a3 93.82 9294 349.0 272 A
931 90.69 14.00 431 3690 88.83 132.1 6.86 A
10.56 89.44 21.60 4.69 27.13 85.16 85.64 10.15 A
10.83 89.17 21.80 4.80 27.57 84.98 84.85 10.22 A
11 88.89 24.10 4.86 25.58 83.97 76.76 11.16 B+C
12.72 87.28 27.80 544 25.39 81.99 66.54 12.57 C
12.95 87.05 36.50 532 19.69 78.81 50.68 15.87 C
13.10 86.90 37.00 537 19.65 78.59 49.99 16.04 C
14.01 85.99 91.00 464 8.54 63.49 2033 31.87 c
1424 85.76 94.00 4.66 8.41 62.78 19.68 32.56 o}
17.08 8292 105.0 4.4% 281 V.30 13> 43.22 <
2076 79.24 246.0 439 4.68 40.56 7.52 55.05 [«
25.07 74.93 349.0 428 399 272 530 63.00 [¢
30.33 69.67 4730 4.20 356 26.54 391 69.26 c
32.60 67.40 5120 425 353 25.04 361 7071 c
34.97 65.03 4870 47 398 25.85 3.80 69.44 c
3730 62.70 4210 553 492 28.43 439 66.04 c
40.70 59.30 345.0 681 6.55 3210 536 61.09 c
47.38¢ 50.62¢ 2100 10.27 12.52 4157 8.81 48.16 c
49.80 50.20 150.0 12.44 18.42 47.91 1233 39.65 C+D
58.63 4137 262.0 111 12.42 3635 7.06 52.54 D
65.57 34.43 3400 10.62 10.70 31.08 544 58.29 D
68.23 31.77 348.0 10.86 10.88 30.53 532 58.61 D+E
68.01 31.99 353.0 10.74 10.69 30.29 5.24 58.98 E
68.95 31.05 396.0 10.14 9.66 2822 4.67 61.64 E
69.81 30.19 5210 8.59 7.44 23.60 3.55 67.82 E
100.0 0.00 1610 501 345 961 LIS 85.38 E

The composition unit is: mol/100 mol solute.

PThese values were calculated by the compiler.
“The solid phases are: A=(NH;)H5(PO4),(?); B=(NH,)3Hg(PO,)4; C=NH,H,PO,; D= (NH,),HPO,; E= (NH,);PO,.
YCOMPILER’S COMMENT: The mol % data for this solution appear to be incorrect.

Auxiliary Information

Wetnod / Apparats / Froceaure:

No information is given.

Source and rurity ot Materials:

No information is

Estimated Error:
No information is

given.

given.
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Components:
£ Amamoniz NI 1760441 7)

(2) Phospharic acud 1L PO, [7604 38 2]
10 Waters HL0O: [7732 18 51

Original Measurements:
R. Flatt, G. Brunishalz, 0. Bluner. Helv. Chim. Acta 38. 753-69
(1935).

Components:

(1) Ammonia; NHy; [7664-41-7]

(2) Phosphoric acid; HyPO,; [7664-38-2)
(3) Water; H,0; [7732-18-5]

Original Measurements:
R. Flatt, G. Brunisholz, A. Dénéréuz, Helv. Chim. Acta 39,
48391 (1956)

Variables:

Prepared By:

Variables: Prepared By:

Compostton at 25 € 1. Eysseltovi Composition at 50 °C. 1. Eysseltova
Experimental Data Experimental Data
Composaton of saturated soluons of the NHy ' H' - PO,THLO system at 25 Composition of saturated solutions in the (NH,) PO~ HiPO,~H,0 system at 50 °C

NI N H.O NH" HPO H,0" NH,' H,0 NH;? H;PO HOM

1o % 1on 4 comp? 100w, o fmol kg ! 100w, mmol kg ! 100w, Solid phases® ion comp* 100w, m ool kg™ 100w, mmol kg ! 100w, Solid phases®
128 0.8 S.40 233 81.0 60.65 136 A+B 227 171.8 573 7.33 484 108 4587 A
125 . 03 s 34 811 61.03 135 A+B 334 309.6 6.04 599 347 597 59.26 A
[ K72 0. 541 230 811 6146 135 B 334 3126 6.01 593 345 5.92 59.49 A
[REN X7.2 254 544 240 ¥1.6 64.01 130 B 194 824 9.38 40,1 793 51.63 A
127 87.3 24 5.41 2148 B1.Y 65.13 12.8 B 433 128 443 9.88 45.73 A
127 %73 264 545 26.3 ¥2.3 69.02 123 B+C 46.0 17.0 48.3 123 40.11 A
14 ERY 237 499 26.7 R4.0 7R05 1.0 c 49.5 2438 535 16.7 3274 A+B
.l w07 2046 60 7% 85.7 89,50 9.7 c 49.7 13 248 534 166 3278 A+B
.l 890 19.% 4.53 2.3 86,1 9342 9.4 c 533 1545 9.1 470 120 40.01 B
V2 X 126 43 0.5 ¥9.5 1468 6.2 C 555 176.6 174 442 10.5 43.04 B
) 9l 68 ER) 726 92.3 2720 A5 c 59.0 2176 15.1 39.9 850 47.86 B
.2 RAAT tK) +.5 170 00 6166 L& o 522 250.0 M0 7.40 50.06 B
9.2 0¥ 28 4.5 152 94.0 660.6 15 c 65.5 2747 350 6.73 53.04 B
w3 ot 26 46 9% 94.1 7118 13 c 662 278.3 347 6.65 5330 B
v a0 24 45 210 94.3 7707 t2 C 66.3 274.2 350 6.75 5292 B
Xl 90.0 29 0 6.5 96.4 6379 15 C 68.1 2817 344 6.57 53.42 B+C
10 9.0 33 20 67.3 6.2 560.5 8 C
o . 15 oo o 954 b6 40 c ";hc composition uni is: mol/100 mol solute.

hese values were calcalated by the compiler.

i 100.6 84 0.0 [ 95.6 44 c “The solid phases are: A=NH,H,POy; B=(NH,),HPO,: C=(NH,);H,(PO,);.

“Lhe composition unit : mol/ 100 mal sofute.

PPhese vahies were caleutaed by the compiler.
*the sebid phases s A NH PO, B (NHHo(PO 12 €

VH HA( PO, 2 D= HLPO,.

¥ Information

Methad 7 Apparutus / Procedure:

Nofnformation is given.

Sourco and Purity of Matorials:

No taformation is given.

Estimated Error:
No information is given. The compiler estimates  the
reproducihility to be ahout 1%

Auxiliary Information

Method / Apparatus / Procedure:
No information is given

Source and Purity of Materials:
No information is given.

Ectimated Errort

No information is given. The compiler estimates the
reproducibility to be about 0.5%.

veeL
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Components: Original Measurements: Components: Original Measurements:

(0 Ammonum dibydiogenphosphate: KHHPO,: R. Flatt, G. Brunisholz. R. Dagon, Helv. Chim. Acta 44, 217393 (1) Ammonia; NHy; [7664-41-7) R. Flat,, G. Brunishol. R. Dagon, Helv. Chim. Acta 44, 2173-93
1772276 1] avon) (2) Phosphoric acid; H,PO,: [7664-38-2) 961
; 1y ehgenphis phates (NTL ) PO, (3) Wators H,0 (7722 1€ 5]
10 Watee: 11,05 {7732 1% 5} Variables; Prepared By:
Composition at 0 and 50 °C. ). Eysseltova
Variables: Prepared By:
Composttion s temperaire 1. Eysseltovi

Experimental Data
Part 1. Compusition of suturated solutions of the NI, =H' - PO, " - H;0 system

Experimental Data

Composition of cutonic sofutions in the NH, PO, - (NFLHPO, - HLO system NH,* H* H,0 NH;" H,PO," H,0"
ion % ion % comp® 100w, m,fmol kg™ 100w, mJmol kg™ 100w, Solid phases®
NHLHLPO, (NHy) HPO, H0
e ot 100w » o g 1P omp? toowM e tmol kg 1P 1000 M emp = YU
100.0 0.0 3900 226 142 434 047 934 A
o 20 8.7 2ol 571 6.3 6.1 450 69.1 309 130 4.74 3.39 13.2 1.64 82.1 A
28 A 2093 3.03 0.2 312 1057 295 68.2 3t 849 589 446 16.6 218 715 A
e 20 W a8 w1 126 R B ves 28 v o Al
66.8 32 432 933 2638 4.28 63.9 A+B
“Fhe composition il s 2100 ¢ 1,0, 62.4 376 374 9.60 295 495 60.9 B
"These valies were caleutated by the compiler. 558 442 267 10.5 36.2 693 533 B
542 458 241 10.3 383 7.68 50.9 B
The compiler recaleulated the data in the Table above to give the following values 524 476 210 12 4t 881 476 B
519 8. 212 1 410 873 479 B+C
(NI PO, PO, H0 3L 68.1 211 7.14 429 8.77 50.0 B+C
[IE nrfmol kg ! 100w m fmol kg ™! 100w, .l 359 62 608 265 490 614 C
e Jmol ke . l & i 08 60.2 656 430 207 282 75.0 C
332 66.8 924 2.76 159 2.00 813 c
354 5.28 19.6 d.44 450 331 66.9 920 276 160 201 81.2 c
a7 903 2.8 9.8 25 297 703 799 278 18.0 232 79.2 c
o Wi o 280 126 08 782 483 301 265 3.83 70.5 C
14.4 85.6 213 334 444 8.68 522 c
Il 88.9 77.2 390 674 24.0 287 c+D
i i 11 88.9 759 392 617 24.4 284 c+D
. Auxitiary Information 87 913 663 321 709 279 259 D
Method / Apparatus / Procedure: Source and Purity of Materials: . o bl Eyed e 20 et P
Nomformation s given No information is given 73 927 342 10 815 S41 154 D
73 927 330 32 82.0 56.0 149 D
Estimated Krror: 77 923 258 339 84.6 77 120 D+E
, 73 92.7 20.4 331 87.0 92.0 9.65 E
No information is given 75 oy 106 356 b 178 e E
6.1 939 24.1 2.73 859 76.8 14 F
51 949 29.2 224 84.2 63.4 136 F
38 96.2 34.6 1.64 826 535 158 F
22 97.8 0.7 093 80.9 454 182 F
0.0 100.0 487 0.00 788 38.0 212 F
00 100.6 482 0.00 0.0 79.0 384 21.0 F
temp = 50°C
35 685 302 5.80 579 353 6.13 589 c
296 704 217 575 593 373 6.68 570 c
244 156 200 5.70 6.77 441.8 2.25 425 <
208 192 146 567 791 522 12,6 421 c
176 824 959 5.66 102 61.7 19.3 326 c
162 838 735 567 122 67.1 252 27.2 c
15.1 849 50.1 581 167 738 36.9 204 c
14.5 855 297 6.10 27.1 80.7 62.3 132 c

“The composition unit is: mol/100 mol solute.

"These values were calculated by the compiler.

“The solid phases are : A= (NH,);PO,; B=(NH,);HPO,; C=NH,H,PO,; D=NH,Hs(PO,),H,0; E=NHHs(PO,); F = H;PO, 0.5
H,0.
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Part 2 Componition of solutions saturated simultancously with NH,H,PO, and (NH, ), HPO,

(NI, HPO, NH" H,PO," H,0"

e compt comp® 100w, m, ol kg™ ! 100w, mmol kg™ 100w,
0 230 571 .1 106 344 6.32 55.5
25 KT 0.2 1.5 14.2 413 891 413
50 6. ¥7.8 128 19.2 482 126 39.0

TThe compasttion wm s g/ 100g 1,0,
Mhese values were caleulated by the compiler

Aunxliary Information

Mathod / Apparstis / Pracadura:

No information is gen

Saurce and Purity of Materials:

No information is given

Estimated Error:

No information is given, but the compiler cslimates the

reproducibility to be about 0.5%

‘Components:
(1) Ammonia; NH;; [7664-41-7]

(2) Phosphoric acid: HyPO,; [7664-38-2)
(3) Water; Hy0: {7732-18-5)

Original Measurements:

Ya. §. Shenkin, S.A. Ruchnova, A.P. Shenkina, Zh. Neorg.

Khim. 14, 1420-2 (1969).

Variables: Prepared By:
T and atatmospheric pressure. 1. Eysseltova
Experimental Data
Composition and boiling points in the NHyH,PO, - H,PO,~ H,O system

NHH,PO, H,PO, NH,* H,PO," H,0°
100w; 100w, 100w; mfmot kg ™" 100w, mifmol kg™! 100w; bp.C ~lg N
7184 0.00 1063 218 61.20 2218 28.16 109.4 0.1463
€7.00 182 10.05 10.49 50.66 20.11 3028 110.8 0.1343
64.20 890 9.50 20.75 63.59 24.12 26.90 (AR 0.1568
60.01 1412 8.88 20,16 65.24 2573 25.87 120 0.1656
51.22 2234 847 2433 71.08 35.49 2044 15.1 0.1865
59.44 2321 8.80 29.78 73.85 43.43 17.35 119.2 0.2510
58.29 2902 8.63 3993 7868 6326 1269 1229 03633
64.53 3098 9.55 1249 85.95 195.3 449 1470 06556
71.50 24.64 10.58 161.0 85.55 226.2 %6 1520 0.7054
76.76 19.50 11.36 1784 84.89 2316 174 155.6 0.7146
79.72 1624 11.80 1715 84.15 225 404 1498 0.6840
8282 1471 1226 2915 85.26 3522 247 161.0 08662
83.17 14.75 12.31 347.6 85.60 4199 2.08 1708 0.9318
86.60 1231 12.82 690.6 36.08 805.9 1.09 170.0 1.1906
90.56 6.00 1341 228.8 83.15 246.6 344 2120 0.7375
90.56 8.19 1341 6298 8534 696.6 125 2105 1180
9277 439 1373 2839 83.42 299.7 284 215 04079

“These values were calculated by the compiler.
BN is the mol fraction of water in the system.

INOTE: ACCOTGIng (0 (e GUINOTs, tNC " "[eMperature depression

(DO dennea) s a nearty hmear wnction ot —Ig N.

Auxiliary Information

Method / Apparatus / Procedure:
The method was the same as that described carlier.

Source and Purity of Materials:

Chemically pure salts were recrystallized before being used.

Fotimated Frrar:

No information is given

Reference:
!Ya$. Shenkin, S.A. Ruchnova, A.P. Shenkina, Zh. Neorg.
Khim. 13, 256 (1968).
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Pt h g (e gt i s St compaio e st o

Components: Original Measurements: NH, . HPO, ) HO
(1 Ammonia, NH.: {7664 41 7) YaK. Balabanovich, L1 Orekhov, L.Ya. Tereshchenko, Trud. e 100w mfmol kg 100w, m/mal kg W,
12 Phosphoric ucid. TP, {7604 1.2 Sev.-Zapad. Politekh, Inst. 69-72 (1969) -
1 Water; 1,00 [7732 1% 5 Section 1
10 At 2.57 2578 370 711
Prepared By: 20 3.94 3.51 3002 4.64 66.03
Temperature and composition 1.V, Chernykh and ). Eysseltovi 30 4.33 4.00 320 513 63.66
40 4.66 444 33.68 5.58 61.65
Experimental Data 50 527 534 36.78 6.48 57.94
Pt [ Defininan of the sections 60 605 6.67 4071 780 5324
. - . 70 6.60 7.78 43.53 891 49.86
Section | 2 3 4 Section 2
Mass ratio HOM 10, 9 4 23 15 10 3.49 335 35.36 5.90 61.14
20 3.84 3.80 36.90 635 59.26
Fan 2. Eulectic pomts Taving NH,H PO, and ice as the equilibrium solid phases 30 4.5 43 38.70 6.92 57.05
. 40 467 501 4056 7.56 5477
NH, H:PO, H.pO, NH H.POS HO* 50 5.04 56 4221 217 5274
Sect 100w, T, L0the, mdmol kg 100w, m/mol kg ' 100w, rech [ale 60 564 6.69 4484 9.24 49.51
0 6.12 7.65 4693 10.20 46.95
1 16 60 8.2 246 192 243 3047 75.11 -6 -2 )
R 4.71R 6670 7 17 Section 3
b e : . 3 - -

2 toen “-’: : 1 : L 4‘§ ) - wno as o, 10 332 3.60 42.60 8.04 54.08

3 0.3 2. 29 .63 e - -

1945 1: ! : 286 : 4’: " "x o S s 23 b 370 416 44.02 8.59 5228
935 2 86 : .32 .3 ~25. -

N 1 23 286 3 30 449 5.4 4694 9.86 48.56
“These values were caleutated by the compilers. 40 477 593 48.00 10.37 47.23
"Eutectic emperature measuted by heating 50 531 6.99 50.01 11.42 4468
“Hutectic tlemperature measured by cooling. 60 573 7.87 51.54 12.31 42.73

70 6.08 8.70 52.86 13.14 41.06
Part 3. Solubility of NH,H,PO, in aqueous solutions of H,PO,* Section 4
} 3 10 312 3.87 49.53 10.67 47.35
temperature in “C » i o Pt 1196
Sect 10 20 30 40 50 60 70 > 1 44.24
30 432 598 53.20 1278 4247

' 2099 260,63 2927 31.50 35.61 40.84 446 40 4.90 747 5497 13.98 40.13

2 2357 25.92 28.69 LS4 24.07 3811 4131 50 5.37 825 56.39 15.05 38.23

3 2241 2499 30.32 3224 359 38.69 41.09 60 575 9.21 57.56 16.01 36.68

4 2109 2626 2921 kXN 36.28 38.86 4119 70 6.10 10.15 58.61 16.95 3529
“The soh ey are given as . "

The sofubility vatues are given ax 100w, Ausiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic method was used. Standard methods of Chemically pure H,PO, and recrystallized NH,H,PO, were

analysis were uscd, but o specific details are given. used.

Estimated Error:
No information is given.
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Part 2. Ci and

of colutions existing in cquilibrium with two or three solid phascy

Components: Original Measurements:
(1) Ammomit NH ;[ 7664-41-7] .M. Kaganskiy, A.M. Babel
(22 Phospharic acid; H PO, [ 7663 38-2) 44,3159 (1971).

(1) Water: H;0;[7732 1%.5)

ko, Zh. Prikl. Khim. (Leningrad)

Variables: Prepared By:

Temperature and composition 1. Eysseltovd

Experimental Data

Pl 1 SOIDURY ISOIETNS 1IN NHyHL PO, UNH )y HPG - HLO sysiem
NH,H,PO, (NI, HPO, NH,* H PO, H,0°
1000 100w, 100, m,mal kg ! 100, m/mol kg ' 100w,
temp = 0°C
182 an 27 19 15.5 19 818
19.0 W1 49 39 22 31 729
19.5 101 10 6.4 %6 45 64.4
19.0 200 %1 79 a8 54 60.1
9.4 70 84 78 284 46 632
19.5 241 9.1 9.5 s 6.2 56.4
13.2 %8 9.3 94 24 5.7 58.3
20,1 26,3 9.8 10.7 36.6 7.0 536
19.1 ™3 10.1 13 373 7.2 526
19.9 240 10.2 115 n7 7.4 521
0.0 274 7.2 58 2.6 2.9 722
7.2 276 8.2 7.4 2.6 42 65.2
143 2.2 9.4 9.6 321 59 575
200 19.9 %1 7.9 318 54 60.1
150 20 9.9 10.7 36.1 6.8 54.0
184 9.2 s 44 22 3.1 7
oy = 5
67 212 70 59 230 34 70.0
1.2 178 6.2 52 227 33 710
16.5 33 46 36 202 2.7 75.2
18,1 8.2 4.8 38 28 3.0 737
183 16.3 6.9 6.2 27.7 43 654
18.7 20.3 8.0 77 310 52 61.0
184 245 9.0 93 3.9 6.0 521
187 268 9.7 104 358 6.7 54.5
17.7 1.7 56 47 238 34 70.6
83 175 57 45 20.1 28 742
00 243 6.3 49 280 24 75.7
8.8 248 9.2 9.6 34.4 6.2 564
7.5 255 77 6.7 253 39 67.0
149 257 88 8.7 318 5.5 594
18.4 26.4 9.5 10.1 353 6.5 55.2
00 26.4 6.8 54 19.6 27 73.6
temp = 10°C
30 23 175 2.3 794
52 244 35 704
73 304 50 623
83 335 59 582
93 36.0 6.7 54.7
99 383 7.5 518
103 39.2 79 505
1.1 39.1 8.0 493
113 417 9.1 470
8.5 246 3.7 66.9
9.6 30.6 52 59.8
10.7 36.3 7.0 53.0
59 267 40 67.4
10.9 384 7.7 50.7
9.6 372 7.1 532
203 13 413 8.9 474

NH,HPO,  (NH,);HPO, NH,? H;PO," H,0

e 100w 100w, 100w,  m/mol kg™ 100w,  m/mol kg™ 100w;  Solid phase®
-44 17.50 0.00 259 1.84 1491 1.84 82.50 A+B
-53 18.00 820 478 380 2142 296 73.80 A+B
-64 18.00 16.40 6.89 6.17 21.50 428 65.60 A+B
-74 18.00 20.50 795 7.59 30.55 5.07 61.50 A+B
-54 17.60 12,00 570 475 23.90 346 70.40 A+B
-51 1870 26.80 9.68 10.43 35.82 671 5450 B+C
—0.3 19.80 28.09 10.1> 1142 31.64 7.36 5220 B+C
-6.0 18.50 2600 9.44 9.99 35.05 55.50 B+C
+6.8 21.30 3140 11.25 13.97 4144 47.30 B+D
+188 23.60 32.50 LE 1588 447 4100 R4+D
-5.4 000 26.30 6.78 540 19.52 7370 A+C
—6.6 7.50 25.00 7.56 6.57 24.94 67.50 A+C
-82 15.10 24.40 853 828 3097 60.50 A+C
+16.0 0.00 39.60 1021 993 29.38 60.40 C+D
+120 6.48 35.20 10.04 10.11 364 58.32 C+D
+9.4 13.20 33.70 10.65 7 36.25 53.10 C+D
+8.6 16.90 3220 1031 1247 38.29 50.90 C+D
-86 17.80 24.66 899 9.18 3346 57.54 A+B+C
+3.4 21.20 3160 11.29 14.04 4151 47.20 B+C+D

“These values were calculated by the compiler.

"Solid phases are: A=ice; B=NH,H,PO,; C=(NH,);HPO,-2H,0: D=(NH,);HPO,.

Auniliary Information

Method / Apparatus / Procedure:
A modified polythermic method was used.!

Source and Purity of Materials:
Chemically pure or reagent grade saits were used. They were
recrystallized twice. During the recrystaliization special care was
taken to obtain anhydrous (NH,);HPO,. The products were
dried gently at 30-50°C and analyzed for NHj and P,Os
content.

Estimated Error:
No information is given.

References:
'L.N. Erayzer, LM. Kaganskiy, Zavod. Lab. 1, 119 (1967).

8cel
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Auntitary Informution

Components:

1 Asmonia; NH. ;[ 766441 7]

21 Phosphone seuds PO, - [ 7664- 38

(1) Warer: HyO: [773208 5}

Original Measurements:

AA. Volhov, O.E. Sosnina,

Gos, Univ. 289, 9-14 (1973).

S. Sedavnykh, Uch. Zap. Permsk.

Va

Composition an 20" ¢

ables:

Prepared By:

1. Eyssehovi

Sulubility it the (NHy)PO;- H,PO,-H,0 system at 20 °C

Experimental Data

(NH PO, PO, NIz HiPO,* HO
100w, 106, Wow, — mmol kg ! 00w,  mJ/molkg ' 10w,  Refract index  Solid phases®
000 139 298 841 0.985 7.20 13580 A
200 s 69 199 148 K2.80 1.3670 A
410 61 487 07 71.20 1.3370 A
525 7.30 S84 267 73.45 13855 A
075 893 780 362 67.20 13970 A
9.30 .33 3 390 65.60 14050 A
10.06 9.4y 2774 455 6220 1.4090 A
10.45 1014 29.05 4.90 60.50 14100 A+B
10.31 " 20.78 507 59.90 1.4100 B
.62 1089 32.08 571 14130 B
10.96 1186 34.73 6.53 14170 B
TR 1226 5.93 6.92 14180 B
L3 1315 .19 7.73 1.4210 B
1144 1367 39.40 8.8 14235 B
1182 1479 41.23 8.96 14260 B
12.34 1690 4481 10.67 1.4280 8
1228 1734 6.1 11.31 14300 B+C
117 1477 3443 10.21 1.4260 (o
10.06 40.59 8.39 14180 c
9.05 37.85 7.27 1.4100 c
829 36.01 6.60 14040 c
6.78 655 36 543 1.3935 [
6.03 5.54 30.02 4.79 1.3860 c
490 415 25.70 378 1.3780 c
415 341 24.35 348 1.3700 [
103 332 2472 354 1.3730 c
415 3.60 2620 425 1.3770 C
403 358 2997 163 1.3780 [«
35,38 3.89 361 3281 529 13800 o
2690 403 385 34.62 5.76 1.3805 c
29.80 403 40 3752 655 1.3880 c
3455 403 443 42.57 513 1.3910 c
41.25 440 5.63 49.70 1105 1.3990 c
59,20 4.52 57.48 15.71 1.4090 c
55.10 478 64.27 2119 14225 c
58.40 483 67.67 25.11 1.4280 C
A0.80 504 70.4 2935 1.4330 C
64.60 509 74.6 36.92 14390 C
040 5.26 80.49 57.64 1.4420 c
7140 24 §1.46 62.50 14430 C+D
7278 1,60 1.75 61.57 1.4435 D
75.30 152 83.98 74.51 1.4440 D+E
76,40 418 84.42 75.56 1.4460 E
7810 398 85.72 8493 1.4465 E
1090 80.40 374 87.56 1027 1.4750 E
10,93 150 375 88.70 19y 1.4480 E

“The:

values were caleulated by the compiter,
PThe solid phases are: A= (NH) (PO, 3H,0; B= (NH,):HPO,, C=NH H;PO,: D= 3NH,H,PO,- H,POy: E=

NH,H;PO,- H3PO,.

Method / Apparatus / Procedure:
The method of sections' was used. The solubility diagram is
derived from the linear dependence of a property of the liquid
phase on the concentration.

Source and Purity of Materials:

Chemically pure HyPO; and twice-distilled water were used.
(NH,)1PO,- 3H,0 was synthesized according to directions
given by others.?

Estimated Ercor:
No information is given.

References:

1. R.V. Mertslin, Izv. Biol. Nauchno-
11,1 (1937).

2. EF. Zhuravlev, A.D. Sheveleva, Zh. Neorg. Khim. 5, 2630
(1960).

3. M.E. Pozin, Tekhnologiya Mineral'nykh Soley, Leningrad,
Goskhimizdat, 1961.

1. In-ta pri Permsk. Un-ta
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Components: Original Measurements: Components: Evaluator:
11 Ammoni: NH.: 176634171 S.A. Mazunin. O.£. Sosnina. A.A. Volkov. T.L. Danina (1) Ammonia: NH,: [7664.41.7) liovd, Charles Univermity, Praguc, Crovh Republlic
£2) Phosphuric acids H,10,; | 7664-38-2] Termicheskiy Analiz i Fazovye Ravnovestys, Perm 79-88 (2) Nitric acid; HNOj; [7697-37-2] Seplember, 1995
) Water: H.0; [7732-18-5] (1985). (3) Phosphoric acid; HyPO,: [7664-38-2]
(4) Water; H,0; [7732-18-5]
Variables: Prepured By:
Composttion at 20 and 60° C. L. V. Chemykh and J. Eysseltov
Critical Evaluation:
Experimental Data §.1. Solubilities in the NH;—H3;PO4~HNO;—H,0 System

Solubihty iotherms in the NH,H; PO, - (NH,):HPO, - HyO system “This sysiem can be prepared by the addition of HNO (0 the NH, ~H,PO,~H, 0 temary system. Flatt ct al. published solubility

data for the quaternary system at 25 and 50 °C.'? However, these data of Flatt and co-workers cannot be criticaliy evaluated because

NH,[1,P0, (NH) PO, NH,¢ H3PO,? ol Solid there are o other published solubility data with which they can be compared,
100w, 1o, 100w, m,fmol kg ! 100w, m,fmol kg ™! 100w, phase If CaO is added to the above quaternary system, the quinary system NH,— H;PO,~HNO,~CaO~H,O is formed, Flatt, Brunisholz
and co-workers published solubility data for this quinary system.™* The main interest of these authors was the region where Ca
temp = 20°C (H;PO,);-H,0 crystallizes. They also reported the existence of a double salt Cag(NH,)sHy(POg) 15: 10H;0 [no registry number
0no 408 .S 104 303 52 59.2 A available). So far as comparisons can be made, the solubility data in Refs 1-35 are fairly consistent with each other.
60 00 1o nwr 341 63 550 A The system NH; - H3PO,~CaO-H,0 is a quaternary subsystem of the quinary system discussed in the preceding paragraph. Flan
90 W0 n 123 359 6.9 53.0 A and co-workers published solubility data for this system at 0, 25 and 50 °C.5" Orekov and Slobodkina® published solubility data for
120 o na 130 379 75 510 A this system at 45, 60, 75 and 90 °C in the region where the NHy/H; PO, ratio is 0.5. The data of Flatt et al. at 50 °C can be compared
with those of Orekov and Slobodkina at 45 °C. However. the two sets of data dn not agres with racpect 1 the identity of the phasan
16.0 26.0 e 12 0.3 &6 8.0 ~ and the composition of the solutions present at equilibrium. Orekoy and Slobodkina® did not find the double salt but did find
260 320 121 16.9 45.9 12 420 A+B anhydrous CaHPO, as one of the equilibrium solid phases. Flatt's group” report the crystallization field of the double sait diminishing
240 s 17 15.4 438 10.1 445 A-B with increasing lemperature, but still prescnt at 50 °C, and their CaHPO, exists as a dihydrate. Obviously, more experimental work is
250 230 9.6 109 384 75 520 A+B necessary before this sytem can be evaluated.
260 14.0 75 73 325 55 60.0 A+B
27.0 7.0 5.8 5.2 282 4.4 66.0 A+B References:
273 0.0 4.0 33 233 33 727 A+B 'R. Flatt and G. Brunisholz, Ph. Rod, Helv. Chim. Acta 38, 769 (1955).
temp = 6U L. “K. Fiatt, G. Brumsholz, and A. Denereaz, Helv. Chim. Acta 39, 483 (1956)
0.0 RS 12.6 144 362 72 512 A ’R. Pla, G. Brunisholz, and F. Clerc, Helv. Chim. Acta 35, 336 (1952).
6.5 157 128 157 394 8.4 478 A *R. Fiatt, G. Brunisholz, and E. Lauber, Helv. Chim. Acta 36, 1971 (1953).
131 427 13.0 172 a8 9.9 442 A *R. Flatt, G. Brunisholz, and M. Fel, Helv. Chim. Acta 39, 1130 (1956).
204 0.5 13.5 20.2 47.4 124 39.1 A ‘R. Flatt, G. Brunisholz, and S. Chapuis-Gollreaux, Helv. Chim. Acta 34, 884 (1951).
2.7 83 138 232 512 149 350 A "R. Flatt, G. Brunisholz, and R. Dagon, Helv. Chim. Acta 44, 2173 (1961)
351 35.0 142 279 559 19.1 29 A+B *1.1. Orekhov and G.I. Slobodkina, Zh. Neorg. Khim. 17, 829 (1972).
357 38 13.5 244 540 170 325 B
J6.4 252 1.9 18.2 497 132 384 B
93 17.6 10.4 14.1 46.5 1.0 43.1 B
0.8 1.2 8.9 10.9 431 2.2 48.0 B
“These values were calculuted hy the compilers.
“rhe solid phases are: A=(NH,),HPO,; B=NH,H,PO,.
Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
The refractometric variation of the isothermal method was No information is given, but the compilers assume that the
used. The compilers assume that it was the method deseribed materials were the same as those used in Ref. 2.
elsewhere.! NH,H,PO4 and (NH,),HPO, were determined by
i titration. The ition of the solid phuse Estimated Error:

chreinemaker's method. )
wis determined by the Schreinemaker's me The precision of the analysis of NHyH,PO, and (NH,),HPO,

was 0.2 and 0.6%, respectively.

References:

'EF. Zhuraviev, A.D. Sheveleva, Zh, Neorg. Khim. 5, 2630
(1960). 2. O.E. Sosnina, A.A. Volkov, Uch. Zap. Perm. Gos.
Univ., Ser. Khim. 289, 20 {1973).
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Componen Original Measurements: HNO, HLPO, NH, [TRY) R
(1) Ammonia: NHL: {To64-31.7] K. Flat. G. Brunishols, Ph. Rod, Ph. Helv. Chim. Acta 38, Soln no eq % €q % e % cont! Solid phasey’
20 Nitne acid: NG 1697 37-2 769.83 (1955}
:1: :'I‘mri:\h\\rh‘. ‘” H.Po,. [7[»(»4' w2 " 00 396 04 205 BiC
1) Water, 1,0: 7732 18.5) 15 0.0 595 40.5 207 B+C
16 44 543 413 223 B+C
Variables: Prepared By: 17 7.5 506 419 23 B+C
Compontion at 23°C 1. Eysseliovi 18 99 415 26 236 8+C
19 126 43 431 240 B+C
Experimental Data 20 203 351 4.6 244 B+C
Part 1. The authors” data 21 262 279 459 239 B+C
Table 1. Spectal poims in the NH-HNG - PO, Hy0 system at 25 °C 22 387 129 484 192 B+C
23 47,4 31 498 w1 B+C+E
o 1P, NH. HO 24 0.0 59.5 40.5 212 Cc+D
Saln no q % e % w % cont’ Solid phases® 25 [0} 59.4 406 212 C+D
26 24.9 290 46.1 262 C+D
o 66.4 e 103 A+B 27 324 197 419 248 C+D
2 00 0.0 400 205 B 23 43.7 55 50.8 169 C+D
3 o0 59.6 404 206 B+C 29 459 26 515 125 C+D+F
4 a0 £9.4 40.6 242 C+D kit] 45.5 2.8 51.7 132 C+D+F
s o0 50.0 50.0 803 D 31 455 27 518 128 C+D+F
o s00 0.0 50.0 107 E 2 457 26 517 128 C+D+F
7 435 8.5 480 98 A+B+E 3 455 23 517 130 C+D+F
8§ 47.3 33 494 o2 B+E 34 458 27 51.5 125 C+D+F
v 471 Al 49.8 1ot B+C+E 35 473 25 50.2 101 D+E+F
10 a7.2 28 50.0 101 C+E 36 473 25 50.2 101 D+E+F
T 472 25 50.2 101 C+E+F 37 46,0 27 513 122 C+F
12 a0.7 93 500 24 Cc+D 3% 459 27 514 12 C+F
13 457 27 Slo 128 C+D+F 3 473 ¥ 510 103 E+F
40 474 07 519 98 E+F
4 474 07 519 98 E+F
4z 40.0 LUS) 5.0 vy Etr
43 440 0.2 558 85 E+F
a4 399 0.1 60.0 67 E+F
45 319 0.1 62.0 57 E+F
46 45.7 19 524 127 D+
a7 453 1.6 3. 125 D+F
48 4.4 12 544 123 D+F
49 4.7 11 542 122 DAF
50 421 06 513 114 D+F
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“Table 111 Solutions saturated by a single solid phase

Part 2. The compiler has used the tabular data above (o calculate the following values

S S0

51 43.0

i
112
113
114
s
16
17
18
"y 6.4
120 5.6

00
0.0
0.0
0.0
S

1
I.
2

PRI

1
(]

09

50.0
533
57.0
0.7
50.5
50.3
50.0

oke

195

283
141

OUDUPUDUUYUUIUYU0UDUUYUDUUDUDDD000D0NDUN0UDUObUoD0oooUNANANNATTIMTOmmaomTmm

*The content is expressed as: mol/100 mol sofute.

PThe  sold  phases  are:
= ANILNO - ONH PO,

A=NH,H,PO,:

B=(NH;),HPO,;: C

(NH);Hy (PO,

D=(NH,),P0,:

E=NH,NO;;

HNO, H3PO, NH; H,0
Soln no 100w, mfmol kg™ 100w, m,/mol kg™ 100w, mfmol kg 100w,
1 v 0.0 72.8 1.9 6.4 18.1 20.7
2 0.0 0.0 513 5.42 6.6 108 36.0
3 0.0 0.0 57.0 5.36 6.7 109 36.2
4 0.0 0.0 536 4.55 6.4 9.32 401
5 0.0 0.0 24.2 LI5S 42 3.46 7.5
6 532 26.0 0.0 0.0 14.4 26.0 325
7 4.5 24.7 13.5 161 133 272 28.7
8 49.8 258 54 0.60 14.1 26.9 30.7
9 50.0 259 51 ns7 147 274 0.6
10 50.3 26.0 4.6 0.51 14.4 275 307
1 50.5 26.0 4.2 0.46 14.5 276 30.8
12 32.1 2N 1.4 0.84 10.6 13.6 459
13 455 9.8 42 0.39 139 224 36.4
14 0.0 0.0 57.1 5.38 (%4 11.0 36.1
15 0.0 0.0 56.9 5.32 6.7 10.9 6.4
16 27 110 516 4.51 6.8 103 389
17 4.6 1.80 48.1 4.06 69 10.1 404
18 6.1 2.33 454 373 71 10.0 414
19 78 2.92 42,6 342 72 9.98 424
20 13.0 4.62 3438 2.66 77 10.2 4.5
2t 17.4 6.09 29 216 83 10.7 454
22 305 11.2 158 174 (] 140 433
23 518 259 53 0.57 148 274 17
24 00 0.0 56.4 520 6.7 10.6 369
25 0.0 0.0 56.4 5.19 6.7 10.6 369
26 15.8 5.28 287 205 79 9.78 416
27 22.1 7.26 209 1.47 8.8 10.7 48.2
28 38.2 14.4 75 0.60 12.0 16.7 42
29 46.1 204 4.1 0.39 14.0 22.9 359
30 44.8 19.2 43 0.39 13.8 21.8 371
21 45.4 12.8 4.2 0.09 14.0 22.5 0.3
32 45.6 19.8 4.0 0.38 139 224 36.5
33 45.1 19.4 4.3 0.40 13.8 22.1 36.8
34 46.0 20.4 4.2 0.40 14.0 229 358
35 50.5 26.0 42 0.46 145 276 308
36 50.5 260 42 0.46 14.5 276 30.8
37 46.5 210 4.2 041 14.0 23.4 352
38 46.4 209 42 0.41 14.1 234 353
39 508 255 28 0.31 148 215 316
40 524 26.9 12 0.13 15.5 294 309
41 524 26.9 12 0.13 15.5 294 309
42 524 27.2 09 0.10 16.1 310 306
43 526 28.8 0.4 0.04 18.0 36.5 290
44 520 331 0.2 0.03 21.5 49.8 234
45 533 369 0.2 0.03 23.6 60.4 229
46 46.1 20.0 3.0 0.28 14.3 229 366
47 46.3 20.1 25 024 147 236 36.5
48 46.2 20.1 1.9 0.18 15.3 24.6 36.6
49 46.6 204 18 0.17 15.3 24.7 36.3
50 46.2 20.5 1.0 0.10 17.0 279 358
51 532 26.0 0.0 0.0 14.4 260 325
52 52.8 27.0 0.0 0.0 16.3 308 31.0
53 2.4 28.8 120} 00 188 382 289
54 527 331 0.0 0.0 220 511 253
55 512 25.6 25 0.27 14.6 27.0 317
56 513 254 2.1 0.23 14.4 264 32.1
57 50.5 259 4.1 045 14.4 272 31.0
58 479 219 29 0.28 144 244 348
59 48.8 227 24 0.24 14.7 253 34.1
60 51.6 26.0 1.5 0.17 153 28.6 315
61 513 257 1.0 0.11 16.0 296 317
62 519 26.3 0.7 0.08 16.1 302 313
63 211 7.30 24.2 1.80 8.7 1.2 459
64 280 9.66 16.3 121 9.8 126 459
65 45.5 20.8 6.3 0.62 134 225 348
66 471 25 59 0.60 138 244 332
67 49.6 253 4.9 0.54 143 27.0 EIN]
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Part 2 Hie conyuter s used the tabubar dats ahose 1 caloutate the Tollowing values

HNO, H\PO, NH, H,0

Soln no 100w, ool kg ! 100w, m o) kg ! 100w, m,/mol kg™ ! 100w,
[ 457 2004 4.5 0.42 137 224 36.1
64 a0 DA 4.24 6.3 8.8} 417
70 0.0 00 40 6.1 8.32 43.1
ul a4 0.0 326 58 7.05 48.1
72 ag 0.0 223 4.9 5.04 574
73 00 o L 42 340 722
ke 00 00 110 4.2 3.40 725
75 an 0.0 1.66 4.2 337 730
76 00 0n 1.03 4.2 333 73.6
77 0.0 0.0 102 42 333 738
™ 0.0 0.0 0.94 4.2 328 75.0
7 0.0 00 .78 43 324 718
&0 0o 0.0 0.61 4.6 336 809
81 12 0.0 0.43 54 3719 84.0
82 0o 0.0 0.23 77 5.20 86.6
83 3 0.0 0.23 79 536 86.3
Rt 0 0.0 0.05 16.5 11.8 82.3
8S 0 0o 0.01 25.3 199 74.4
wh 29 0.57 0.48 50 3.62 80.7
87 5.0 0.95 0.24 6.3 4.47 82.8
88 74 1.43 [3]] 8.5 6.13 81.6
9 20 0.43 0.90 4.5 3.54 74.0
90 4.0 0.84 0.69 4.8 3.69 75.8
91 B2 1.69 06.37 5.9 4.48 713
92 130 277 0.19 78 6.08 749
3 9.1 202 0.66 57 4.65 71.3
94 147 7 0.45 6.9 5.87 69.2
RAl 279 7.63 0.20 0.7 10.8 58.0
96 042 4.5 3.73 70.4
97 0.53 4.5 3.81 69.9
9% 091 4.8 4.06 69.6
99 0.94 48 4.05 69.9
100 129 52 4.58 663
101 1.55 5.3 4.54 68.0
102 1.56 53 452 68.3
ni 370 6.8 6.50 61.5
104 9.63 100 4138
08 0.3 104 41.2
106 0.54 45 726
7 62 4.6 73.0
08 0.63 46 7.0
) 0.75 46 73.4
1o 247 6.0 68.3
i 124 1.5 46.1
112 1.9 N9 48.1
1i3 187 144 382
14 1.9 133 483
115 19 133 48.3
116 103 12.5 517
17 9.45 .| 13.5 534
s 144 0.05 17.3 429
1y 715 0.10 12.3 59.2
1 13y vl 8o 43.0

Auxiliary Information

Method / Apparatus / Procedure:

No information is given.

Source and Purity of Materials:
No information is given

Fatimated Frear:
No information is given. The compiler estimates the
reproducibility to be about 1%.

Rererences:
'0. Blumer, Helv. Chim. Acta 38. 753 (1953).

. Chapuis-Gattreux, Helv. Chim. Acta 34, 689 (1951).
3p. Fritz, Helv. Chim. Acta 33, 2051 (1951).

Components:

(1) Ammonia; NHy: {7664-41-7]
(2) Nitric acid; HNO; [7697-37-2]

{3) Phosphoric acid, H;PO,; [7664-38-2)

(4) Water; H,0; (7732-18-5]

Original Measurements:

R. Flai, G. Brunisholz, A. Dé

483-91 (1956).

ra, Hely, Chim. Acta 39,

Variables:

Composition at 50 °C.

Prepared By:
1. Eyssehova

Experimental Data
Part 1. The authors’ data

Tables 1. Points of simultancous crystallization of two or three solid phass in the NH;—HNO, ~H,PO,~H,O system at 50 °C

NOy~ PO NH,' H,0
Soln no eq % eq % eq % cont* Solid phases

| 175 825 2.1 216 NH{NO; + NH,H,HPO,

2 28.0 720 36.0 452 NHyNO; + NH H HPO,

3 387 61.3 46 61.4 NH,NO, + NH,H,HPO,

4 567 433 61.0 813 NH,NO, + NH,H,HPO,

5 755 25 782 105.2 NH,NO, + NH,H,HPO,

6 96.4 36 97.5 130.9 NH,NO; + NHH,HPO,

7 96.6 34 97.6 1292 NH,NO,+ NH,H,HPO,

8 00 100.0 496 Hi2 NH,H,HPO, +(NH,),HPO,

9 10.0 90.0 542 123.1 NH H,HPO, + (NH,),HPO,
10 199 80.1 59.4 1348 NH,H,HPO, + (NH,),HPO,
1 297 703 64.5 1449 NH,H,HPO, + (NH,),HPO,
12 332 66.8 66.2 148.6 NH,H,HPO, + (NH,);HPO,
13 518 482 76.0 161.9 NH,H,HPO, + (NH,),HPO,
14 60.9 39.1 80.9 164.2 NH,H,HPO, +(NH,),HPO,
15 69.5 305 849 1587 NH,H,HPO, + (NH,),HPO,
16 78.6 214 89.4 1424 NH,H,HPO, + (NH,),HPO,
7 868 132 935 uag NH,NO, + NH,H,HPO, + (NH,),KPO,
18 942 58 97.7 125.1 NH,NO; + (NHy),HPO,
19 9.6 54 98.2 123.0 NH,NO; +(NH,),HPO,
20 953 47 98.5 1211 NH,NO; +(NH,),HPO,

S3IY3S V.1Va ALTIENT10S LSIN-Ovdni
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Table 11 Solutions saturted by a single solid phase in the NH,-HNO; - H,PO, H;0 system at 50 °C

Part 2. The compiler has recaleulated the above data to give the following values

NOy POt NH,* H,0

St e W oy % eq cont* Solid phases
2 204 79.6 72,0 3340 (NH,),HPO,
2 9.3 60.7 789 356.6 (NH,),;HPO,
n 587 413 X5 7 2488 (NH,),HPO,
] 69.3 0.7 89, 368 (NH,);HPO,
25 R0.6 19.4 92,7 263.0 (NH,),HPO,
20 5 a3 Y0.0 1554 (NH,);HPO,
27 918 8.2 %% 159.7 (NH,),HPO,
R 20 78.0 67.5 263.8 {NH,),1PO,
2 M 55.6 16.1 2616 (NH,);HPO,
0 00 100.0 234 NN NH,H,PO,
il o 89.4 40.2 365.8 NH,H, PO,
32 19.6 80.4 46.2 399.7 NH,H PO,
a3 270 70 510 4210 NH,H,PO;
M 352 648 56.9 4337 NH,H,PO,
is 41 589 611 439.2 NH,H,PO,
n o8 so.8 oot EATRY NH PO,
7 622 378 7.8 4204 NH,H,PO,
w 70.0 24.0 81 368.5 NH,H,PO,
W 816 154 8.7 074 NH,H,PO,
40 921 79 94.7 2182 NH;H,PO,
4 [N 68.9 454 2428 NH,H,PO,
42 SER 412 69.5 369.5 NH,H,PO,
42 15.4 3.0 539 190.2 NH,H,PO,
H 158 842 541 202.8 NH,H,PO,
45 20 759 59.7 188.7 NH,H,PO,
46 REN] 749 o611 170.5 NH,H,PO,
47 271 729 56.6 3039 NH H,PO,
18 324 676 65.7 159.3 NH;H,PO;
49 KN 623 68.2 1749 NH,H,PO,
50 408 59.2 70.3 158.5 NH,H,PO,
s1 48,1 51y 0.2 293.3 NH,H,PO,

“The content is expressed as: mol/100 mol solute.

3 H PO, NH, MO
Soln wy 100w; m,moi kg ' 100w, m,fmol kg™ 100w, m/mol kg™ ! 100w,
1 1.0 45.0 80.5 70.7 46 69.7 39
2 17.2 344 68.8 295 6.0 442 79
3 23.6 35.0 583 185 74 40.4 10.7
4 346 38.7 411 99 0.1 417 14.2
s 458 9.9 231 43 128 413 182
6 582 409 14 05 159 414 226
7 585 415 12 os 16.0 42.0 223
8 0.0 0.0 715 16.7 6.7 248 15.8
9 5.0 45 70.0 13.5 73 245 17.6
10 10.0 82 62.6 1.0 8.1 245 19.3
H 15.0 114 552 9.0 8.8 247 209
12 16.8 124 526 83 9.1 247 215
13 26.8 17.8 38.7 55 10.6 26.1 239
14 320 20.6 319 44 115 274 24.6
15 375 243 256 3.6 124 29.7 24.5
16 4.5 30.7 188 23 13.7 349 23.0
17 525 421 124 21 15.3 453 19.8
18 57.0 418 55 09 16.0 434 216
19 574 427 5.1 0.8 16.1 444 213
20 437 45 07 16.2 45.2 211
21 34 478 44 7.5 12.0 368
22 6.1 36.7 3.2 83 123 39.6
23 9.3 26.1 22 9.4 13.6 40.5
24 122 20.6 18 104 156 9.1
25 17.0 143 14 1.9 19.6 56
26 52 327 7.5 1.0 149 345 253
27 521 Ny 7.2 10 148 337 259
28 9.3 46 512 55 77 142 38
29 19.6 aa 382 3.9 9.1 16.2 330
30 0.0 0.0 61.4 6.0 36 6.0 35.1
3t 4.0 16 52.5 45 4.t 6.1 39.4
32 72 2.7 46.1 37 46 6.4 42.1
33 9.8 36 413 32 50 6.7 43.8
34 12.8 4.5 36.6 2.8 5.6 73 45.0
35 150 52 333 25 6.0 17 45.7
36 18.2 6.2 288 21 6.6 8.3 46.4
37 238 8.2 225 1.7 77 9.9 46.0
38 315 115 15.5 1.2 9.4 127 43.6
39 384 15.3 10.9 09 110 16.2 39.8
40 479 234 6.4 07 133 24.1 324
41 14.1 7.1 48.7 53 5.6 10.4 315
42 26.9 1”1 203 2.8 8.0 14.3 352
43 7.1 45 60.9 82 6.7 157 252
44 12 43 59.7 77 6.7 14.8 26.4
45 L4 71 55.6 74 7.6 176 254
46 2.1 8.2 56.3 8.1 8.0 199 235
47 1n2 5.0 46.7 4.4 6.3 10.3 358
48 6.1 113 523 79 8.8 229 227
49 18.6 120 417 6.6 9.1 217 246
50 20.7 143 46.7 6.9 9.6 246 270
51 20.8 2.1 34.5 33 82 133 302

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.
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Fable 11 SOl Coeustimg with 1wa sofid phases 10 1he (N1, a0,

WO, W0 e s
Components: Original Measurements: Soln ca NH,! w "0 ) N
(11 Ammoma; NH . {7664 41 7] R. Flait, G. Brunishols. S, Chapuis-Gottreux, Helv. Chim. Acta no e % €4 €q % cont® Solid phases
021 Phesphu cudz 1, PO, b IR 2 34, BB4-98 (195]).

\‘H :".’x‘lm‘x::v‘\‘::x:liffi('I;\!(]l [ylk u‘v,z(w 8} J 7 traces 885 9LIs 646 AtB

A Water: 100, 17702 18 5] 8 traces 1003 89.97 200 A+B

9 0.14 12.74 8712 va ArC

Variables: Prepared By: 10 0.66 1290 86.44 56.6 A+C

Compositon w25 ¢ 1. Eysseliovi n 114 1301 85.85 86.7 A+C

12 230 13.30 84.40 917 A+C

Experimental Data 13 392 13.58 82.50 18 A+C

Part 1. The authors’ data 14 5.36 1387 80.77 137.5 A+C

Fable | Invasiant pomts in the (NH;1 PO, - Cag(PO4 13- HyPO, - HyO system a 25 °C 15 5.26 1392 80.82 1355 A+C

16 6.62 13.28 80.00 159 ATD

o't N, ! H' H0 17 7.36 12.87 79.77 170 A+D

Saln noe oy ey G e % cont’ Solid phases” 18 7.90 12.48 79.62 178 A+D

19 10.79 993 79.25 210 A+D

! Iraves 1270 R7.30 25 A+B‘+C 20 1035 10.50 7915 201 A+D

S e R R T

: 7 g 2 1207 9.25 78.68 233 A+D

' 14.62 7.50 7788 263 C+D+E 23 1443 7.50 78.07 260 A+D

5 702 19.29 AR 1 B+D+E 2% 601 1430 79.69 153 c+D

o B0 1770 40 24 B+DTE 25 609 1441 79.50 152 c+D

Mo vontent i o D100 mol ~olute 26 hdl 147 7887 161 C4+D

Mhe sold plises A= (NH PO, 10 B NHHPO,: €= CalHyPO)y Hy0: D= Cag(NH,) Hyg(PO,) 1 10H0; B 27 6.58 1501 78.31 171 c+D

CaltPO, - 20,0 28 6.93 15.38 7769 181 c+D

S e e U ST oo 210 A o vty

e b ‘ Sopers G 30 7.88 17.07 75.05 226 C+D

31 8.10 18.65 73.25 260 C+D

2 i7.15 404 78.81 208 A+E

35 18.85 2.9 77.90 295 Atk

34 1790 270 79.40 342 A+E

3s 1155 12.05 76.40 260 D+E

36° 11.62 1474 73.64 314 D+E

a7 1031 1669 73.00 314 D+E

38 7.01 19.58 7341 274 C+E

30 6.13 2073 7414 294 C+E

40 4.70 23.80 7150 349 C+E

41 4.58 2391 7151 364 C+E

42 3.95 26.44 69.61 409 C+E

13¢ 2.15 30.02 67.82 452 cic

a4° 201 3090 67.09 504 C+E

4s 081 3232 66.87 494 C+E

% 0.38 39.32 60.30 353 C+E
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Table 11 Solutions in equelibrium with one solid phase in the (NH;) POy~ Cay(PO,); - HyPO,~H,0 system at 25 °C

Cat NH* H H,0

Components: Original Measurements:
Soln no e q wq % cont® Solid phases” (1) Triammonium phosphate; (NH,),PO,: [10361-65-6] R. Flatt, G. Brunisholz, S. Chapuis-Gottreux, Hely. Chim. Acta
(2) Tricalcium bis(phosphate); Cay(POs),: [10103-46-5] 34, 884-98 (195%).
47 212 308 89.80 89 A (3) Phosphoric acid; H,PO,: [7664-38-2)
a8 6.43 5.50 ¥8.07 161 A (4) Water; H,0; [7732-18-5]
49 6.0l 876 34.63 162 A
S0 250 13.20 8430 96 A Experimental Data (continued . . .)
st el 449 8410 Exl A Part 2. The compiler has used the above data to calculate the following values
52 842 147 R0 184 A
53 273 2072 76.55 277 C Soln Ca0 NH, HyPO,
54 17.43 291 79.66 349 E f1o mass % motkg mass % molikg mass % mol/kg
55 1%.35 294 7871 403 E
“ o P 7817 326 E ! trace trace 5.509 2897 83.30 76.03 1118
i o 141 2450 52 E 2 2.60 116 3.868 5710 5371 13.76 39.82
v oy 17,12 2410 06 5 3 5114 1648 139 148 3817 7.029 5533
5 vos . o718 a8 E 4 4378 1589 1.52 1.63 3887 7.247 54.73
o 050 20 0100 ey E s 220 0.680 3.666 3.738 36.49 6.460 5764
o 006 Tres 6.50 . E 6 276 0.925 3709 4.093 40.25 7.707 53.28
p 00 e . 168 b 7 trace trace 427 817 92,66 307.9 3.07
o o1 1320 2589 S0 b 8 vace trace 4504 28.57 86.23 94.96 9.27
o o . 88 25 b 9 0.0097 0.12 5.341 2233 80.51 58.44 14.06
o5 70 1310 75,20 o b 1 0.41 033 4870 1288 7249 B8 223
o s 1485 787 183 b 1 0632 0370 4374 8.451 64.57 2165 30.43
o s 1360 1765 208 s 12 125 0.710 4371 8216 63.11 2059 3127
" o 1060 38 o b 13 193 0943 4063 6.536 57.46 16.04 3655
o s 1430 2688 214 b 14 248 L1t 3888 5.742 53.83 13.80 39.81
o 115 097 2688 257 b 15 245 10 392 5.847 54.16 14.00 39.47
0 1570 7600 m b 16 2.87 119 3517 4792 50.47 11.94 43.14
T 1658 2543 b 17 3.09 123 3279 4313 4893 .17 4470
i . 1802 7195 248 b 18 3.25 1.26 3111 3995 47.87 10.67 45.78
19 4.081 1472 228 270 4405 9.066 49.59
"The content is expressed as: mol/100 mol sotute. 20 3.903 1.399 2.403 2.839 4394 9.013 49.75
Plhe solid phases are: A=Ca(HyPOu), HaO: B=NHHg(POy)z: €= NHHPOy;  D=Cag(NHy)Hya(PO,) g+ 10H,0; E 2 4301 1478 0216 0.244 43.60 8.575 51.88
CaliPO, - 2H,0, . 22 4315 1.479 201 227 41.65 8.169 5203
“These solutions were supersaturated with CaHPO,- 2Hy0. 5 4548 1587 153 165 1014 7330 Sta8
24 268 L2 2.820 53120 51.01 12.40 42.23
25 2.69 L4 3859 5.397 51.32 12.49 4203
26 275 113 3837 5204 50.06 1178 4335
27 275 109 3827 5.025 48.65 11.09 44.78
28 281 1.09 3.788 4831 4730 1047 46.10
29 288 1.07 3975 4618 45.28 9.614 48.06
30 2.85 0.989 3741 4.284 42,08 8.366 5133
31 2.70 0.802 2.774 4.000 38.57 7.237 24.00
32 5.327 1.646 0.761 0.775 36.19 6397 5173
3 5843 1814 0.600 0614 36.41 6415 5745
34 5.115 1.492 0.468 0450 3329 5.557 61.13
35 3872 1264 2451 2637 39.06 7296 54.62
36 3473 1.046 2673 2.661 34.82 6019 59.03
37 3.079 09291 3.024 3.008 3480 6.008 s9.10
38 227 0722 3850 4.034 37.76 6.867 56.112
39 191 0587 3912 3.969 36.24 6383 57.94
40 131 0378 4038 3.825 32.58 5357 62.06
41 125 0353 3951 3.682 31.73 5.134 63.07
42 0.995 0270 4039 3618 2934 4562 65.63

43 0.505 0.133 4.280 3.709 27.38 4.118 67.84

9eel
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Components:

(1) Ammonia: NH,; [7664-41-7]

(2) Phosphoric acid: HyPO,; [7664-38-2]
(3) Calcium oxide; Ca0; {1305-78-8)
(4) Water; H,0; {7732-18-5)

Original Measurements:
R.
(1961).

att, G. Brunisholz, R. Dagon, Helv. Chim. Acta 44, 2173-93

Variables:
Composition at ¢ and 50 °C.

Proparad By:
J. Eysseltova

Table | Invariant solutions in the (NH,),PO,~Cas(PO,);~ HyPO, - Hy0 system

Experimental Data

Part 1. The authors' data

Satn cult NI+ H- HU Solid
no q % eq % eq % cont*
temp = 0°C
I 9.1 [N} 798 214 A+B+C
2 9.1 1.t 79.8 215 A+B+C
3 218 36 74.6 389 A+C+D
4 219 35 746 391 A+C+D
5 124 16.4 7.2 436 B+C+D
temp = 50°C
[ 4.1 16.1 79.8 »a A+BLC
7 4.0 16.0 80.0 93.0 A+B+C
8 75 129 796 141 A+C+D
9 48 17.1 78.1 14 B+C+D
0 49 17.1 780 115 B+C+D

ol EES wrn 4 un cau 2 tour N
BN ais 0.046 4329 36K 2572 1762 77
it 016 0030 6.517 6.2 3183 5.276 61.55
47 tis 0671 273 5.2 6451 2014 31.29
48 AR (AR 147 194 51.21 .75 44.49
4 2N7 116 2.3 37 50.63 11.69 44.19
S 133 0.73% 4272 7.790 6215 19.67 3224
Al A 145 1407 0.990 nn 4232 8.220 52.54
<2 ENE 130 217 EEER “7.10 1085 4b.61
Sy .8560 0.270 4079 4189 37.80 6.740 57.23
S4 4920 1422 0498 0475 3289 5.439 61.70
S5 4710 1.294 0.458 0414 29.90 4.699 64.93
bt 4708 416 1.00 0982 424 5.825 59.99
s7 2.6 0047 2949 2785 32.53 5.332 62.26
LN 200 0,602 2733 2474 w3 4734 64.94
yr [ 0.0056 4.303 1638 2595 3.809 69.53
) 017 10042 4.093 3373 2440 71.33
6l 019 0447 3927 3176 2318 7270
0l 205 [HE 1613 4789 4910 44.34
63 KSR AL 3184 3953 46.32 47.35
o4 4204 1.472 204 23 42.06 = 51.64
65 134 1.22 3053 3.673 44.75 9.346 48.86
06 24 [A R 3.039 4616 47.07 10.36 46.35
o7 RN 1.20 ER e 3720 4415 9.118 49.41
O8 o200 1423 2252 2.510 40.79 7.802 5275
no s [N} 3873 4343 B854 50.07
70 42 L7 2.247 2432 39.34 7.39%0 54.31
71 103 L6 1479 4016 42.56 8.526 50.93
72 284 102 3762 4439 43.58 8.924 49.82
73 275 1917 3749 4116 3995 7.613 53.55

Auxiliary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
No information is given No infarmation is given,
Estimated Error:
No information is given. The compiler cstimates the

reproducibility (o be about 1%,
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Table 11, Sotutions coexisting with two solid phases in the (NH,) POy~ Cay( PO, )y~ HyPO;~ HyO system

Table I1I. Saturated solutions in equilibrium with one solid phase in the (NH,);POs—Ca(PO4);~ H;P0, - H,0 system

Ca?*

Soln Ca N H H,0 Solid Soln NH,* H H,0 Solid

v oq G .y cont? phase? nn eq @ % oq @ cont? phacert
temp = 0°C temp = 0°C

" 22 108 87.0 114 A+B 7 13 49 938 %9 A

12 24 0% #6.8 18 A+B 73 39 438 913 149 A

b3 S6 109 835 170 A+B 74 6.1 55

N x1 109 810 200 A+B " 884 181 A

15 x5 1.0 0.2 211 A+B S 74 48 818 200 A

I s o4 01 210 s 7 1 a6 16 an A

17 15.1 7.1 78 04 A+C 7 1.0 24 866 243 A

18 03 38 749 381 A+C

19 2400 12 747 427 A+D 8 127 59 814 266 A

20 96 1.1 79.3 225 B+C 9 127 22 85.1 269 A

21 06 18 776 255 B4C 80 150 69 78.1 296 A

2 1.7 128 75.5 305 B+C 81 154 66

7 1o 154 747 23 B+C @ - 780 305 A

2 123 143 734 62 B+C 160 55 8.5 309 A

25 124 158 718 416 B+C 83 167 55 718 321 A

26 124 160 7.6 426 B+C 84 175 26 799 328 A

n 10 296 67.4 825 B+D ’

I 70 21 68.9 066 B+D 85 189 02 80.9 350 A

29 N6 20.6 70.0 555 BiD 86 14 285 70.1 777 R

30 143 120 722 435 C+D 87 18 239 743 598 B

Al 172 101 727 433 c+D - 27

32 175 96 729 453 c+b g 20 73 089 B

i 192 74 734 434 Cc+D 89 57 231 712 618 B

i 199 6.0 741 408 C+D %0 6.1 146 9.3 304 B

38 00 59 74.1 403 C+D 91 72 169 759 08 B
temp = 50°C

W 0.9 144 84.7 37.7 A+B 92 82 127 7.1 262 B

37 Ly 148 8.1 343 ATH o3 .o 0.2 75.8 330 c

I 24 152 82.3 69.5 A+B % 158 121 721 453 )

3 34 156 810 828 A+B e

10 41 159 80.0 929 A+B 0 temp = 30°C

4 29 159 80.2 90.2 A+B S Lo 40 950 518 A

) 47 153 80.0 101 A+C 9% N 99 89.0 52.5 A

4 57 137 80.6 132 A+C 97 36 5.1 913 102 A

" 6.1 142 797 121 AtC

45 6.5 135 79.7 131 A+C 98 36 100 86.4 102 A

a6 7.3 134 79.6 139 A+C 9 47 149 80.4 109 A

47 7.7 129 794 142 A+C 100 72 48 88.0 150 A

ax X s 80.4 160 A+D . 73

49 88 103 809 160 A+D o7 830 148 A

S0 .3 5.4 Bl I3 ATD 1M &0 128 9.5 145 A

51 3 6.9 81.8 196 A+D 103 92 97 8L1 163 A

52 121 56 823 205 A+D 104 11 49 840 101 N

53 130 44 826 214 A+D 105 152 0

54 147 22 831 234 A+D - 4 838 238 A

55 165 0.0 835 253 A+D 106 0.9 172 819 97 B

56 42 16.1 79.7 9%.8 B+C 107 09 208 78.2 152 B

57 42 16.1 797 97.0 B+C 108 15

58 45 164 79.1 103 BiC - 241 44 202 B

59 48 169 783 11 B+C 102 28 17.3 79.7 iy B

o0 50 174 715 120 B+C 1o 32 19.6 772 146 B

6l 52 177 771 125 B+C 1 64 139 79.7

02 56 18.6 758 141 B+C 12 56 ) § 128 ¢

61 05 324 67.1 302 B+D - 6.1 783 145 D

64 1 302 68.7 284 B+D

65 20 27.1 709 246 B+D

66 29 241 730 206 BiD

67 18 211 75.1 169 B+D

o8 39 207 754 165 R+D

09 43 187 70 136 B+D

70 5.4 158 78.8 121 C+D

7 60 150 79.0 122 c+D

;%18
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Table 1V, Summary of the invariant points 1 the (NH,)PO,- Cay(PO) ;- HyO system

Part 2. The compiler has recalculited the above data 10 give the Tollow g values

Soin Cult NH, H* H,0 Solid Soln Ca0 NH, H,PO, H,0
no eq ey % eq % cont* phases” no 100w; m;imol kg™ 100w; m/mol kg ™! 100w, m;mol kg™ ! 100w,
\emp = 0°C 1 34 12 2.53 295 a7 8.86 504

13 - 1000 8.4 E 2 34 12 252 294 436 8.82 50.5
N4 - 73 927 180 E+F 3 5.68 1.60 057 0.53 304 490 633
ins 2.7 02.2 288 F4G 4 S6Q 1 A0 nss ns1 303 487 615
16 - IRI 889 76.5 B+G 5 299 0.802 240 212 28.1 431 6.5
"7 333 66.7 925 B 6 22 13 520 9.96 620 206 306
18 251 — 749 452 A+D 7 21 12 5.16 9.85 61.9 205 308
1o 0.2 - %938 8.4 A+E 8 34 L5 3.56 524 531 135 400
120 aces 73 927 18 A+E+F 9 24 12 5.12 8.58 574 16.7 35.1
121 traces 77 923 26 A+F+G 10 24 12 5.10 8.50 57.2 166 352
12 K 1.8 85.2 70 AtBTO n L 0.34 332 3.4 39.0 19.3 30.0
123 9.1 1 798 215 A+B4C 12 12 057 327 5.16 582 159 .3
124 219 35 746 39 A+C+D 13 24 093 280 363 494 14 454
125 124 164 72 436 A+B+D 14 32 12 2.58 3.10 454 9.47 489
temp = 50°C 15 33 12 252 297 44.1 8.98 501

126 - 333 66.7 313 B 16 397 131 20 21 402 7.62 53.8
127 165 - 83.5 253 A+D 17 463 142 13 13 357 6.25 58.3
128 40 160 80.0 9.8 A+B+C 18 564 1.60 061 0.57 308 5.00 62.9
129 75 129 796 141 A+C+D 19 591 161 018 046 286 4.46 65.3
130 a8 171 78.1 1s B+C+D 20 35 12 246 281 a5 8.42 515
21 3.60 11g 243 2.62 206 7.43 54.4

':'»:t “l'f.‘ﬁﬂ‘ hpl\\): o “;:!u?“: K\HZI(“::( :an;ftl)‘ymu:o B=NH,H,POL €= Cag(NH,)HylPOL) - 10H,0: D=CaHPO,-2H,0; E z 57 109 2 238 85 620 %83
- 2H, PO, Hy0; Fr NH,Hy(PO,) 52 G= NH,Hy(PO,), - B0 B 330 104 239 235 343 385 508
These dats are from Ref. 1. 2 342 0977 237 224 3.8 521 624
25 3.09 0.841 239 214 290 452 65.5

26 3.04 0.821 238 212 286 442 6.0

27 045 0.10 270 200 175 225 9.3

s 1z vy 200 202 2.1 280 75.5

29 19 0.48 2.54 208 23.7 337 738

30 358 0.962 194 1.69 282 433 6.3

31 417 113 1.49 132 283 436 66.1

32 418 L12 14 12 278 42 66.6

33 465 1.26 11 097 282 436 66.0

34 5.03 139 092 034 294 4.65 64.6

35 5.10 141 091 083 29.7 4m 643

36 06 07 584 219 719 50.7 157

37 091 0.78 5.60 159 727 357 208

36 1.4 0.99 3.38 123 07.9 . 274 23.3

39 19 12 523 108 64.4 230 2.5

40 22 13 513 9.81 61.9 206 30.7

41 21 12 518 10.1 626 212 30.1

42 24 13 480 8.68 60.3 18.9 325

43 27 12 390 592 54.7 144 38.7

44 30 14 417 673 6.4 158 36.5

@ 32 15 384 591 547 146 383

46 33 L5 364 5.40 534 13.7 39.6

41 35 16 3.55 521 529 135 0.1

48 35 14 301 41 50.3 19 431

49 38 16 270 3.69 50.4 119 431

50 424 1.66 2.1 27 480 107 457

51 445 1.65 16 20 459 9.74 48.0

52 466 1.69 13 16 449 931 492

$3143S V.1va ALITIgNT0S 1SIN-Ovdni

6EEL



8661 ‘9 'ON 'ZZ "IOA '23Q 'JoH "Wayg ‘shud

Part 2. The compiler has recateulated the shove data to give the following values

Part 2. The compiler has recalculated the above data to give the following values

Soln a0 NH, H;PO, H,0 Soln Ca0 NH; H;PO, H,0
o ke mmol kg ! 100w, m/mol ky ! 100w, mJmol kg™ 100w, no 100w, m.Jmol kg™! 1N, mJmol kg~ ! 100w, ol kg 100w,
3 390 174 10 12 139 893 50.2 105 542 1.83 0.22 0.24 416 803 528
BY] 5.29 1.80 048 0.54 419 817 523 106 05 0.3 5.5t 9.98 615 19.3 325
55 5,068 187 00 0.0 40.1 7.56 54.2 107 04 0.2 5.57 7.68 514 123 426
S0 22 12 512 9.52 6.1 197 316 108 057 0.21 5.60 6.69 4.6 9.25 492
57 22 12 502 9.50 610 197 317 109 14 0.62 532 759 s52.1 129 412
S8 21 13 S0 9.11 59.7 185 329 110 14 012 s 2.04 58,3 17.0 33.0
s 24 2 st 871 58.0 172 345 1 30 14 4.00 6.22 55.2 149 378
o 25 12 510 829 56.3 159 36.2 12 25 it 439 6.32 523 131 408

ot 25 12 5.10 809 554 152 371 13 0 0 0 0 7892 38.19 21.08
62 25 L1 5.00 752 52.6 135 39.8 14 0 0 33 2 88.1 105 86
63 0.5 0.05 597 6.00 354 6.17 58.5 115 0 0 34 17 84.7 728 1.9
o 0.35 o 578 595 36.8 6.57 57.1 116 0 0 391 811 617 244 284
5 .69 0.1 564 6.18 400 7.60 53.7 "z 0 0 277 2.00 16.0 200 813
o6 1 0.40 553 6.5% 440 9.10 49.3 118 6.11 1.66 0 0 283 441 65.6
07 Lo 0.64 534 7.06 8.6 11 445 119 ] 0.1 0 ] 788 383 21.0
0y 1.6 0.67 30 7.10 49.2 1.4 43.9 120 traces 33 23 RE.1 105 8.0
o 20 090 522 781 536 139 39.2 121 traces 34 17 84.6 722 120
70 26 1.3 4.63 747 56.3 158 36.5 122 0.58 0.37 3.80 8.00 67.7 17 280
7 29 14 438 7.04 s6.1 157 366 123 34 12 252 294 436 882 50.5
7 0.7t 0.37 1.6 28 63.4 189 343 124 570 1.60 0.55 051 30.3 488 63.4
73 18 0.74 13 18 53.5 126 433 125 299 0.802 2.40 212 28.1 431 66.5
74 25 0.95 14 1.7 485 104 415 126 0 0 6.00 594 346 595 59.4
7 29 10 2 14 46.1 9.44 498 127 57 10 0 0 40,1 1.56 542
% 383 127 0.99 11 413 7.83 539 128 21 12 5.16 9.87 " 620 206 30.7
77 391 129 0.52 0.56 414 7.9 542 129 34 L5 356 524 53.1 135 400
7 424 136 12 L3 38,9 7.13 55.7 130 24 12 5.10 8.50 57.3 166 353
79 424 134 0.45 047 389 7.05 56.4

K0 4.08 144 13 13 36.3 6.42 577 Auxdliary Information

81 an L4 12 12 357 6.23 58.4

82 186 148 ) 1.0 5.4 6.15 58.7 Method / Apparatus / Procedure: Source and Purity of Materials:

83 495 1.48 0.9% 0.98 345 592 59.5 No information is given, No information is given.

84 515 152 046 0.45 342 5.80 60.2

85 533 154 0.03 0.03 329 543 618 Fetimatad Erroes

KO 0.22 0.050 PRE] 204 184 239 78.6 No information is given. The compiler estimates the
37 0.35 0.084 281 2.23 226 an 74.2 reproducibility to be about 1%.

88 0.47 ol 274 2.10 202 2.70 766

%9 [Nl 0.26 2.64 209 220 301 743 References:

90 19 056 273 270 359 6.16 59.5 'R. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. Acta 36, 1971
91 18 0.50 261 232 296 459 659 (1953).

92 19 0.50 181 154 27.3 4.05 69

93 4.07 120 1.80 1.76 339 574 602

94 372 0.99 173 151 274 4.16 672

95 0.65 0.54 16 43 763 36.2 215

96 0.70 0.59 38 1" 744 36.0 211

97 L9 10 16 28 622 185 343

98 19 10 322 557 61.2 18.6 337

99 24 12 456 781 58.8 17.5 343

100 33 14 13 1.8 528 12.7 426

101 33 14 26 37 525 129 416

102 26 L6 341 4.94 524 132 406

103 39 L6 2. 34 50.0 117 435

104 441 164 12 14 463 9.83 48.1

oveEl
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Part 2 e compiler fus used the data 1 £ars 1o alombae e Wiy it

Components:

11 Ammonias NH: [ 7664-41.7)
(2) Phosphoric acid: H PO (766438 2]
13) Calewms oxide: Cal); 1305788}
4} Warer: B0 [7732-15-5)

Original Measurements:
L1 Orekhov, GL. Slobodkina, Zh. Neorg. Khim. 17, 829-32

(1972).

Varijables:

Temperature and composition at a NH:H PO, ratio = 0.5

Prepared By:

).

seltova

Enperimental Data
Part 1. Solubility sotherms in the (N, PO, <H PO, - Cay (PO, H0 system with the ratio NHy/H PO, = 0.5

Soln a0 NH, P,05 H0 H,PO, HO Solid
no 100w, 100w, 100w, 100w, 100w, 100w, phases®
temp = 45 °C
| 133 (B2 988 $7.55 136 8379 A
2 162 1.80 14.77 8181 2040 76.18 A
3 184 241 19.64 7601 2742 68.63 A
4 210 301 7033 33.91 60.98 A
s 3 168 6465 40.53 53.47 A+B

o 249 421 59.17 47.13 46.17 A+B+C
244 479 5374 5394 38.83 B+C
hl 191 547 48.40 61.06 31.56 B+C
0 117 006 43.42 6815 24.62 B+C
] 0.50 6.73 38.05 75.56 17.21 B+C
omp = 60O
1 0.89 87.96 137 84.19 A
i 126 8213 2045 76.47 A
1" 157 76.33 2719 68.83 A
i Vs 70.66 3391 61.31 A
(B} 217 64.93 40.57 5374 A+B
16 230 59.29 46,26 A+B
17 252 5565 41.54 A+B
I8 239 4824 60.65 3151 A+B+C
19 161 4315 67.92 2442 B+C
20 083 92 75.31 17.15 B+C
temp = 75°C
2 .68 124 993 #8.15 137 84.37 A+B
22 099 182 14.86 82.33 20.52 76.67 A+B
13 124 241 1975 76.60 2727 69.08 A+B
24 1.3 303 24,69 70.90 3409 61.50 A+B
25 151 353 2945 6521 4067 5399 A+B
26 201 4.22 3430 59.47 4736 46.41 A+B
27 27 492 39.47 5384 54.09 38.92 A+B
2% 243 544 4387 48.26 60.58 31.55 A+B
2 20 6.02 49.68 221 68.60 2329 B+C
30 136 6.67 5425 31.72 7491 17.06 B+C
temp = 90°C
3l 0.55 1.24 9.94 §8.27 13.7 84.48 A+B
A 0.80 183 1488 82.49 2055 76.82 A+B
33 1.04 242 19.77 76.77 27.30 69.24 A+B
34 1.26 304 2469 7100 3409 61.61 A+B
35 145 165 29.56 65.34 40.82 54.08 A+B
36 175 423 3839 59.63 47.49 46.53 A+B
37 1LK7 483 .47 5413 54.09 39.21 A+B
3 2 5.46 3400 4832 60.76 31.56 A+B
39 240 6,00 48.83 277 67.43 2417 A+B
40 1.5 6.67 5447 3765 74.80 1702 B+C
“These values were calenlated by the compiler.

"This is the water content of the CaQO-NH; - H; PO, ~H,0 system.
“The solid phases are: A=CaHPOy, B= NH H,PO,. C

2(H,PO,); H 0.

Soln Ca0 NH, .0,

no m,fmol kg ™' mmol kg ! mmol kg '

1 0.283 0.870

2 0379 139

3 0478 2.06

4 na14 260

5 0.774 405

6 0962 536

1 112 725

R Lo 1ns

9 0.847 145

10 0.52 23.0

n 0.19 0.66

12 0.294 1.40

13 0407 206

14 0.509 291

15 0.687 396

16 0.886 535

17 1.08 678

18 135 102

19 Lig 146
20 0.86 3.0
21 0.14 0.864 .
2 023 1.40 2731
23 0322 205 4.029
24 0401 240 2.837
25 0.598 384 7.685
2 0.772 535 1041
27 0.948 743 14.18
28 137 10.1 19.59
29 160 152 30.06
30 142 230 4481
31 012 0863 1.66
32 0.19 1.40 2730
33 0.268 205 403
34 0.365 290 5.647
35 0478 397 7702
36 0671 534 1041
37 0.850 724 14.08
33 1.25 102 19.64
39 177 146 28.46
40 1.58 230 2485

Auxliary Information

Method / Apparatus / Procedure:

An isothermal method' was used. Phosphoric acid neutralized
by NHj to the chosen ratio was placed in round 350 ml
vessels and stirred. CaO was then added in small amounts
uniil a steady turbidity appeared. Equilibrium was ascertained
by repeated analysis of the liquid phase for Ca. This was done
complexometrically using fluorexon as indicator.? Equilibrium
was reached in 4-6 hrs. The composition of the solid phase
was determined petrographically and by chemical analysis.

Source and Purity of Materials:

Chemically pure HyPO, and aqueous ammonia and reagent
grade Ca0 were used. The CaO was powdered and sifted
through a 0.16 mm mesh sicve.

Estimated Error:

No information is given.

References:

'A.G. Bergman, N.P. Luzhnaya, Fizikokhimicheskiye Osnovy
lzucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSR, 1951.

2LB. Moyzhes, V.A. Ershova, Eds; Metody Anmaliza pri
Kontrole Proizvodstva Fosfora I Fosfomnoy Kisloty, Leningrad,
1968.
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Part 2. The compiler has used the data in Tables ! and 11 to calculate the following 100w, values

erel

Components: Original Measurements: Soln no Cat NH, " ' NO, ro;? H,0
(1) Ammonia: NHy: [7664-41-7] R. Flat, G. Brunisholz, P. Clere, Helv. Chim. Acta 35, 336-40 | 2 ot 04 19 153 19
(23 Nitrie acid; HNO,, [7697-37-2| (sl 2 39 73 04 19 167 jree
(3) Phosphoric acid: H,PO,: [7664-38.2]
) Caleium oxide; Cal); [1305 78 8] 3 25 8.1 08 302 309 275
(5) Water: HL0: [7732.18.5] 4 33 63 07 25 2.1 370
5 18 8.2 12 26.0 441 186
Variables: Prepared By: 6 25 71 10 234 386 274
Composition at 28 C. ). Eyssehovd 7 0.7 8.0 18 17.1 64.4 8.0
e 0. 8.0 1.6 192.1 5717 127
Experimental Data 9 13 80 14 219 SLS 158
Part I. The authors® data 10 1.8 8.3 12 259 443 181
Table 1. Solutions cocxisting with Ca(H;PO4) ;- H,0 and NH,H,PO, 1l 26 838 09 126 134 207
12 32 9.1 07 315 26.3 33
Soln catt NI H* NO, PO, H,0 13 37 95 05 7 102 254
oo Y eq % eq % eq & €q % cont! 14 42 9.8 04 247 155 25.4
I 19.3 140 67 5.4 446 1732 l: : : :g-: g; ::; :: il;
2 185 412 403 199 50.1 206.2 - - . L .
: ; woom e e wo
4 130 288 582 291 0.9 100 5 S
s s 270 67.9 2.0 710 578
N 7% 264 P 215 76.5 96.5 The compiler has used the data in Tables 1 and 11 to calculate the following molalities as molfkg H,0 values
Soln no Ca?* NH,* H* NO,;~ PO,*"
Fable T Solutions cocxisting with Caf HyPO,), - HyO, NHH:PO, and NHNO,
1 31 14.4 18 17.8 48
Soin N, H' NOy” PO, H,0 N 2 25 IR no 174 45
un e % eq % cq % q % cont® Solid phases 3 22 172 307 174 1
7 s 05 780 1y 88.1 194 A+B+C+D : ;: ;gg zg; ;2: ;.3
5 22 22 756 144 85.6 334 A+B+C : > o0 03 21 247
Y 3 240 726 178 822 450 A+B+C ] i g s . -
10 49 2.8 68.3 27 773 55.4 A+B+C . s ot o " o
" 8.4 29 587 331 66.9 770 A+B+C . 2 o o b o
12 a2 7 L1 420 58.0 914 AIB+C o it 2o s s B
13 146 442 41.2 524 4716 ney A+B+C " o e o o o
14 174 f) 3.2 595 40.5 18.3 A+B+C " ot g b o o
15 209 RN 54 12.2 278 1441 A+DIC 3 “’ 22.() .20,5 26.[ 7,9
to 206 56.5 219 738 262 1433 A+B+C+E 14 b o 00 o s
i 220 579 20.1 755 245 148.0 A+B+C s o o o o 3,6
1% 219 59.0 19.1 772 229 148.1 A+B+C - - X ) '
i6 42 219 8.5 286 34
“The content is expressed as: mol/100 mal solute. 17 41 217 75 283 31
e solid phases are: A=Cal H;PO,)y- Hs0; B= NH;H;PO,; €= NH,NO,: D= (NH,) Ho(PO,) g E=Cag(NH; ) Hip(POL) 3y 10H,0. 18 4.1 2.1 72 29.0 29

CThic was 1 matacah

3ISHHIA 'd "L ANV YAOLTASSAI T

Augiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

No information is given. No information is given.

Estimated Error:
No information is given.
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Part 2. The comprler has used the data 1n Fant 1 1o calenlate the tollowing concentiation values
Values expressed as 100w,

Compor al Measurements;: Soln 0o Cait NH,* H NO, - X 1o
(5 Ammonie: N [ 7664 41.7] R. Flat, G. Bruvishols, E. Lavher, Helv, Chim. Acta 36,
(29 Nittreaend: HNOL: [7697-37 2] 1971-80 (1953) 1 236 259 L2 0.00 44.61 4931
g
(3 Phosphonie aend: HPO,: [ 7064 38 2] 2 3.53 327 0.79 10.78 31.67 49.96
e . 3 456 414 0.54 2126 2147 48.03
0 Calemm ovides Ca0); [1305 78-8]
150 Waters H.O: [7722 1% 5] 4 5.47 544 032 3242 1275 43.59
s 5 5.92 643 0.22 3901 8.86 3945
6 6.15 732 010 “44.13 0.z1 30.03
Valablen: Vrepared By: 7 1.85 386 132 0.00 5238 40.60
Composition at 0,25 wnd 50°7C, 1. Eysschovi 8 2.04 405 126 2.23 49.96 4047
9 2.27 434 115 584 45.74 4065
L 10 255 465 1.08 894 4274 40.05
Experimental Data 11 280 5.04 097 12.87 3831 40.01
Part 1. The authors” data 12 3.02 536 0388 16.45 34.82 39.46
Composition of saturated solunons cocxisting with CatHyPOL) - Hy O, NHH, PO, and Caol NH, ), Ha(PO,) 1y 10H,0 :3 :ig (773; g:;‘ ffl’?g ;5]3: :;‘i:‘
- - ; ; » 5.9% 748 0.49 3344 19.22 35.39
Sotn o NI " NO. PO, 10 ) . 16 429 338 0.37 3943 1455 3298
no «q i w e e % g i cont® Solid phases 7 92 918 031 347 1233 30.59
18 450 9.78 0.26 47.24 10.00 2820
temp - 07 19 455 10.15 0.23 49.02 8.85 27.20
%45 0oy #0.62 000 100,00 196.5 A+B+C 20 154 519 1.50 0.00 60.34 3143
i . . M N 1 ArRAC 21 237 7.00 L1l 16.73 43.98 28.81
2 1518 1053 0829 1473 83.27 2391 + 2 271 897 076 3121 2953 2683
3 50 200 5334 3346 66.54 2646 AIBIC 2 321 11.41 0.42 46.66 16.43 2187
1 29090 .01 35.09 56.35 4165 2652 A+B+C - \
s 294 4200 2497 6914 3086 2442 A+B+C The following values are expressed as m,/mol kg
o AT 4805 17.62 TR0 2070 238 A+B+C+D 1 119 3.00 2.79 0.00 9.42
Cmp 28 2 170 .84 1587 342 6.60
3 237 5.06 11.20 7.03 4.66
7 sod ) . 0.00 100.00 137.8 AtB+C
i 1% Vo o . 4 313 7.33 735 11.80 305
s 6.37 1488 7RIS 222 07.78 140.8 A+B+C M 37 058 S8 1573 et
9 745 1076 7579 600 9391 148.4 A+B+C 6 4.26 11.93 437 19.44 1.80
10 5.60 18.47 7293 9.60 9040 150.6 A+B+C 7 1.14 5.38 247 0.00 13.44
. K - i 8 1.26 5.87 3107 0.88 12.86
1 998 2112 6890 14.57 EARK] 158.6 AVBHC o 39 ppdd %37 2o prgas
12 s 2338 05.47 19.35 HO.65 162,5 A+B+C 10 1.50 681 26.90 3.54 "
" e Mo RREN 3 o301 154 A+BHC n 175 740 2413 5.10 9.98
14 16,50 30,18 4702 4296 57.4 1763 A+B+C 12 19 7.98 22.38 6.62 919
0 ) | N 13 235 10.01 16.96 10.89 693
15 17.560 w81 43.63 46.90 5210 1738 A+BHC " 265 1140 1482 1354 500
16 19.82 4558 4460 5792 4208 169.6 A+B+C 15 281 12.41 13.95 14.99 5.66
17 205y 5039 29.02 64 00 36.00 158.8 A+B+C :g 325 14.93 11.33 18.97 4.59
N 3.60 17.63 10,15 22.39 420
" 2 5106 7057 943 147.5 A+B+C 15 s 205 o34 e o,
19 2158 56.54 7378 2622 143.3 A+B+C+D 19 18 219 8.49 28,60 339
wmp = 50°C 20 122 9.69 47.86 0.00 20.00
20 20 16.15 7977 0.00 100.00 926 A+B+C 21 205 14.28 3855 9.22 15.90
N ¥ s . ) N s 2 2.52 19.63 28.18 18.46 11.47
21 720 25.08 61.72 16.19 8381 97.6 A+B+C ps To7 I0ea 1936 3386 T3
Rl st 2704 53132 ERIUR] €5.07 105.1 ATBTC
23 1279 s345 3376 5905 40.95 96.9 A+B+C Auxiliary Information
“The warer content is expressed as mol/100 mol solute. Method /. Apparatus / Proced, s - -
3 e and Purity of Materials:
"I solid phases are: A= CatlyPO,),-Hy0: B= NH,HLPOL: € Cay(NHL) 1 o POL) - 10H20; D= NH,NO,. Apparatus / Procedure: oure i
2 2 The eutonic solution existing in equilibrium with 3 salts— No information is given

Ca(H:PO4); - HyO. NH;H PO and Cay(NH,) Hsx PO,) g

+ 10H;0-was prepared and saturated with NH,NO,. The
System was stimad in o thermontat and examined petro-
graphically. When all the desired phases were present, the The only information given is that the temperature 273 K was
stirring was interrupted and the system was equilibrated for at kept constant within +0.1 K.

least 3 weeks. The satd soln was analyzed for Ca?*, NH, ",

H*, NO, and PO,’". The analytical methods are not

described.

Fotimated Frrar:

SIS YLVa ALNIFNT0S LSIN-OVdNi
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Part 2. The compiler has used the data in Part | to calculate the following values -
Compasition of saturated solutions coexisting with Ca(H,POy); - H,0 and NH,H,POy at 25 °C g
Components: Original Measurements: " - - - &
(1) Ammnia: NH,; [7664.41.7) £. Flatt, G. Brunisholv, E. Lauber, Helv. Chim. Acta 36, 1980 3 Soin no Ca NH, HY NO, PO, 0
(2) Nutric acid: HNO.: (7697-37.2] (1953)

Values
(3) Phosphoric acid: H PO, [7664-38-2] alues as 100w,

14) Calenm oxide; CaO: [1305-78-8] 1 1.23 493 151 519 56.87 30.26
15) Water; Hy0: [7732-14-5 2 238 479 109 975 270 39.29
3 255 475 107 9.83 4226 3955
Variables: Prepared By: 4 272 524 0.99 1421 1853 3831
Compasition at 25 °C J. Bysseltovi s 275 o o 22 sae s
6 334 601 075 2197 2939 38.54
Experimental Data 7 354 766 064 3179 2426 3211
Part 1. The authors’ data 8 405 788 045 36.03 17.41 3407
Compusition of suturated solutions coexisting with Ca(H,P0,3; - HyO and NH,H,PO, at 25 °C 9 4.05 874 0.42 19.81 16.28 069
Molalities as mol/kg H,O
Soln o NH,! H NO; PO, H,0 | 101 057 4985 2m 19.58
o oq oy T e % % % comp® 2 151 7.16 271 394 132
1 330 15.58 8112 143 95.57 90.4 3 161 7.05 21.07 394 1113
2 798 18.89 71 1039 89.61 1466 4 .77 803 273 588 1048
3 X6l 1888 751 1086 80.44 1128 5 222 1287 30.41 1204 11on
3 951 215 68.97 1577 84.23 148.9 s 116 916 1939 9.04 794
5 9 297 63.72 2522 7478 1164 7 275 1400 1981 e2s 7.87
o s 2787 58.99 251 7249 169.0 8 296 13.35 13.19 i 531
7 ot 3561 50.38 1995 60.05 1413 o 330 16.73 1384 G 5.53
K 1813 4149 40.38 51.24 48.76 170.t
Y 1774 45.01 .25 5539 461 1495 Auxiliary Information
*The composition units are: mol/100 mol solute. Method / Apparatus / Procedure: Source and Purity of Materials:
Nothing is stated but it is probably the same s deseribed No information is given.
carlier.

Estimated Error:

No information is given.

References:

'R. Flatt, G. Brunisholz, E. Lauber, Helv. Chim. Acta 36, 1971
(1956).
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The compuler has used the data 1 1)

LT b ihat the Bellow g on ot

Components: Original Measurements:
(L Ammoni: NI {7004 41 7] R. Bt G, Brunisholz, M. Fell, Helv, Chim. Acta. 39, 1130-44
(2) Nuric aeid; INO G [7697 37 2] (1950,

31 Phospivoric aend, HL PO,z {7664 38.2]
4 Caleram onde, CaO: [1305 78 83
5 Water, HLO: [ 7732018 5]

Variables: Prepared By:

Composition at 25 ¢ 1. Eysseltova

Experimental Data
Part 1. The authars™ data
Fable 1 Congrositian of solutions saturaied snultancously with CaH: PO,y H0, CaHPO, 2H,0, Cag NH, )4 Ho(PO,) - 10H,0
and NH,NO,

Sohn (ST NH, ! 5N NO, PO, H,0
o w4 eq eq % e % eq Y% cont
| 2060 57.50 12,90 8440 15.60 145.6
2 27.70 56.70 15.60 K130 18.70 1428
8 2570 5890 15.40 B1.60 18.40 151.7
B 2770 37.70 13.60 82.40 17.60 147.7

P T Compesition of salwtions saturated simultancousty with CatH3PO, )y H,0, CalPO, - Hy0 and Cag(NH,)3H(PO,) 1+ 10H,0

s 30,80 51.30 17.90 7820 21.80 190.7
o 2250 45.50 22.00 73.20 2050 za.0
7 34.70 3730 28.00 5.0 a0 267.0
% 30,20 34.60 29.20 63.10 36.90 3129
9 3540 30.70 33.90 57.20 4280 319.1

10 3380 26,10 40.10 49.20 50.80 3338

t 330 23.80 4290 45.70 54.30 3302

12 380 20.30 47.90 39.40 60.60 330,

N 2eou 1740 55.10 3010 69.90 3227

14 2580 15.80 58.40 26.10 73.90 3177

1S 2500 25.50 5940 24.60 75.40 3147

16 2330 14.30 6240 21.10 78.90 305.1

17 22.00 13.90 64.10 28.80 81.20 298.0

] 2000 12.20 65.80 17.00 83.00 294.0

19 19.90 12,40 67.70 14.70 85.30 287.6

"The water content is expressed as mol/100 mol solute.

oy
Thes i the average of soln sos, 123,

Soin no Calt NH,* H* NO, PO} H0
Values expressed as 100w,
1 5.89 9.72 0.13 52,78 485 26,54
2 5.65 9.82 0.16 52,13 6.09 26.15
3 5.15 10.04 0.5 5145 5.89 2732
4 5.57 9.86 0.15 52.10 5.65 26.67
5 584 827 0.17 46.64 6,60 3248
6 3.97 Al 0.20 4229 7.86 36.58
7 6.10 557 0.25 36.27 9.66 42.16
8§ 598 4.86 0.24 32.77 9.73 46.42
9 592 436 0.28 3008 1143 4793
10 5.69 374 034 26.06 13.66 50.51
1 572 347 037 24.66 14.88 50.90
12 5.59 3.03 0.42 2179 17.02 5214
13 5.08 273 051 17.49 20.63 53.56
14 4.89 254 055 15.56 2237 5409
15 481 252 0.57 14.83 23.08 54.19
16 4.61 241 0.62 13.14 24.95 54.27
17 4.46 239 0.65 11.98 26.28 5424
) 432 2.3t 0.68 1.0 2729 54.38
19 4.19 222 0.7t 974 28.70 54.43
Values are expressed as m; / mol kg™ H,0
1 553 21.50 482 ass 194
2 539 2206 6.07 3163 243
> 411 21.57 564 29.88 225
4 520 21,70 549 30.99 221
s 4.49 1494 521 2278 212
6 407 1140 551 18.34 224
7 360 776 583 13.65 2.39
8 321 6.14 5.8 11.20 2.18
9 3.08 5.34 590 9.96 2 a8
10 2.8t 434 6.67 8.19 282
1 280 4.00 722 769 3.05
12 268 342 8.06 6.63 3.40
13 237 3.00 9.49 5.18 401
14 226 276 1021 4.56 431
15 222 274 10.49 434 444
16 212 2.60 11.36 384 479
i7 205 2.59 1195 3.50 5.05
18 198 249 1243 3.21 523
19 192 2.40 13.08 284 5.49

Auxitiary Information

Method / Apparatus / Procedure:

No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given, The
reproducibility to be about 5 %.

compiler

estimates  the

S31H3S v.iva ALMEN10S LSIN-OVdni
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Campanents Evaluater: Componcnts: Original Measurements:
(1) Ammoma; NH.: [ 766141 7] 1. Eysseliovi (1) Ammonia; NH,: [7664-41-7] 1. L. E. Berlin, B. M. Mantsev. Zh. Prikl. Khim. (Leningrad), 6,
(2) Phosphone seds H PO, [7664.38.2) Chattes Umivensity, Prague, Crech Republic, September 1995 (2) Phosphoric acid; H;PO,; [7664-38-2] 3859 (1933). 2. S. 1. Vol'fkovich, L. E. Berlin, B. M. Mantsev,
(3 Sulfmic acid: 1,80_: | 7664 93 9] (3) Sulfuric acid; H,SO,; [7664-93.9) Tr. NIUIFa, 228-42 (1940).
G4} Patassium oxide: Ky 11213645 7] (4) Water: H,0; [7732-18-5]
(51 Water: HLOU[7732 18 8§
Variables: Prepared By:
Composition at 25 °C. L. V. Chernvkh and J. Evsseltovi
Critical Evaluation:
5.2. Solubilities in the NH;—H,P0,-H,S0,-H,0 System Experimental Data
The quaternary systern NHe HLPO, HLS0, 11O may be formed by the addition of 11,50, (o the termary sysiem NH; - Part 1. The authors® data
HPO, TLO There ase fom reports! i contain solubility data for this quaternary system. The solubility data in these four Soluhility in the NHy— P,05—S0,—H10 system at 25 °C
reposts apree reasonahly well with cach other after discounting a systematic crror i two of the reports.™ Therefore these ST
solubility dati e considered 1o he refiable. Furthermore, the existence of (NH,) 3HPO,80, [25993-60-1] is also considered to Soln NH, .0, 50
have been established o well s e fact that it is congruently soluble in water over a temperatare range of 273 o 373 K o R 1000w, R 1000 e .
com hw : . aset
B twer teports™® the systens s deseribed as NELH,PO, - (NH, ), HPO, - (NH.)250, - Ha0. The Evaluator believes that a v ‘ comp v comp 1000w Solid phase
comparisan can e made of the solubility data for this system and that of the system described in the preceding paragraph. Such a | 14 42 299
comparison can he made at 273, 20% and 323 K. Ta do this. the isotherms were depicied in teirahedral coordinates and then X 2 - 181 - - A
proected on planes peependicular o an edge of the NHy - HLPO,- H,S0, triangle.' Such u projection gives absolute solubility 2 60.7 427 6.3 213 - — A
Satues. e S s poston of individual cysiaizaion Gelds, and sy scsuer in e reponed oaw. USIM IS procecure, all e 3 171 10.7 414 282 — — B
datst i Rets, (14,01 are in satisfactory agreement with each other. The data reported by Kaganskiy and Babenko® and by Uno® 4 574 49 9.55 6.66 — — c
e with cach other hut there i significant scater in the tata near the ceystabfization surface 5 778 67 116 229 _ .
Fohia et al.! studied the NHH,PO, PO, - K380y - 1O system. Such « system can be considered as a section through the 6 1859 10 _ . 945 24 b
NH PO, H,80, KaO HLO systent where the molar ralio HySO/K,0 = 1. Sofid solutions hetween ammonium and , 1858 910 155 i -
potassiuny dihydrogenphosphatcs exist as solid equitibrium phases in this system. The ability of these two dihydrogenphosphates to - - 186 8.9 204 E
formn such salid solations {designated as Asalid solution) has been proved in studics of the NH;HPOq~KH PO~ H,0 8 246.3 125 814 342 — — A+B
yatem® 1 9 201.5 113 131 6.08 39.6 23.6 A+D
10 215.1 102 444 17.6 98.6 220 A+E
References: 1 166.8 107 404 217 - — B+C3
'L 1 Bedmn, B, M. Mantsev, Zh. Prikl. Khim, (Leningrad} 6, 385 (1933) 2 230.0 12.5 212 9.64 78.4 20.1 B+D
'S, L Vol'thovich, L, K Berdin, B. M. Mantsev, Tr. NIUTRa 228 (1930) 13 177.3 108 60 309 72,1 209 C3+D
'S. Uno, Kogyo Kagaku Zashi, 43,399 (1940): J. Sae. Chim. Ind., Japan, Suppl. Binding, 43, 168B/70B (1940). 14 216.1 133 114 0.59 73.0 211 C3+D
Yu, 8. Mishchenko, M. L Chepelevetskiy, Tr. NIUIFa, 208, 30 (1965). 15¢ 2352 L6 - — 156.2 36.2 D+F
“L M. Kaganskiy, A. M. Bahenko, Zh, Prikl. Khim, (Leningrad) 48, 1387 (1975). 16 542.6 113 —_ — 552.8 54.3 F+G
1. Akiyama. H. Kanzaki, S. Minagawa. Nippon Dojo Hiryogaku Zasshi 49, 243 (1978). 17 2704 133 552 22.7 51.0 12.0 A+B+D
Y
2. N. Fokin N. Kornishina. . P. Kim, Tekhnologiya Mineral'nykh Udobreniy (Leningrad) 63 (1977). 18 2313 128 148 6.85 83.1 218 B+C3+D
"p. Askenany, F. Nessler, Z, Anorg. Chem. 189, 305 (1930). 19 2162 10.4 39.8 160 1016 29 D+E+F
“N. S, Dombrovskaya, A. Y. Zvorykin, Kahy 2, 24 (1937), 20" 8L 1.1 19.9 145 151.8 27 D+E+F
YA Y. Zvorykin, V. G. Kuznetsov, 17v. AN SSSR, Ser. Khim. 195 (1938). 21 243.6 9.72 9.9 6.62 2208 415 E+F+G

") 1 Kuznetsov, A. A, Kozhukhovskiy, F. E. Borovaya, Zh. Prikl. Khim. (Leningrad) 21, 1278 (1948). TThe compostion on s OTT00 oI TG

:11\ G, Burgu\.\n,‘A A. Gladkovskaya, R, f\' Galushkina, Zh. Neorg. Khim. 17, 3368 (1972} DThis is a:cobvious error. The Comp“:rs t;n‘eve that tis should be 100w,

" Shenkin. 5. A. Ruchmova, N. A. Rdionova, Zh Neorg. Khim. 17. 3368 (1972). - ‘The solid phases are: A=NH,H,POy; B=(NH.);HPOs; C,=(NH,);PO,-H,0; Cy=(NH,);PO,3H,0; D=(NH.),S0; E
AP, Salov'ev, Bulashova, N. A. Verendykina, L. F. Zyuzina, Vzaimodeistvie Khloridov Kaliya, Magniya, Ammoniya s =NH,H,PO, -NH,HSO,; F=(NH,);H(SO,),; G=NH,HSO,.
ikh Nitratami i Fosatami 3 (1977). “These data appear in source paper (2) only.

2], Eysseltovi, to be published.

1248
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Part 2. The compiiers have used the data tn Pant 1 to calealate the Tollowing values

Soln Nil, H, PO, H,50, H,0
o 1o, mmol ke ' 100, mimol by ! 100w, ol kg 100w,
1 4.1 150 25.2 16s o o 70.6
N 4.7 V7R 294 453 0 0 66.3

e 10,45 w3 5.5 0 0 588
1 AR 1w wa L o o 26.0
5 o 436 113 0.354 o 0 90.2
o e e o 0 323 5.80 36.7
7 R0 1333 257 6.53 25.0 6.38 40.1
% (R 1811 473 20 0 [ 403
9 120 1288 843 167 284 571 515
1 121 i5.50 M3 6.42 7.0 713 w5
i ey 10.55 208 s v o 9.3
1 1255 (IR 13.3 275 20 508 49.5
13 [UEN 10,83 425 0.733 256 4.40 59.2
14 13,20 1300 0807 0137 259 439 60.0
15 1ol 1549 0 o 4439 10.29 4400
I 1292 6745 0 o 75.83 68.72
1 133 19.1% N 783 145 3.62
15 1281 1471 9.5 158 2.6 5.297 512
19 103y 1542 20 5.08 2810 7.24 39.5
0 [EN 1707 10.5 280 40.13 10.70 382
» PR 1 vt 2071 5077 17.05 0.

liary Information

Method / Apparatus / Procedure:

Fhe isothernial method was used. Equilibation required 4 0 5
shays Fhe composition ol the s

the Schicmeniahers method afier removing the Tigwid from the

d phiases was determined by

sirave uf the wet residue by prece of filter paper.

Source and Purity of Materials:

The temperaure was kept constant within +0.05 K. No other

Esumated Krror:

No information is given.

information is given.

Componeats:
(1) Ammonia; NH;; [7664-41-7]

(2) Phosphoric WPO,; | 7664-38-2]
(3) Sulfuric acid; H,S04; [7664-93.9]
(4) Water; H,0; {7732-18-5]

Original Measurements:
S. Uno, Kogyo Kagaku Zasshi, 43, 399-402 (1940}, J. Soc.
Chem. [nd., Japan, Suppl. Binding, 43, 168B-70B {1940)

Varinhlec:

Composition at 0, 25, 40, 70 and 100 °C.

Preparcd By:

Hiroshi Miyamoto and J. Eysseltovi

Experimental Data

Part 1. The author’s data
Composition of saturated solutions in the (NH,)2S0,~H,PO,~H,0 system

Sola (M114)350, HyPO, Somd Soin (NH4};5U; Hi PO, Solid
no 100w, 100w, phase® o 100w, 100w, phase®
temp=25°C temp=70*C

I 433 00 A 13 478 0.0 A
2 410 106 A 14 457 9.46 A
3 399 156 A 15 44.6 17.3 A
4 397 19.4 A+B 16 4.1 239 A
5 9.8 19.4 A+B 17 440 273 A

6 365 228 B 13 296 A+B
7 338 25.1 B 19 202 8
4 297 a7 B 20 kI B
9 240 40.6 B 21 36.3 B
10 183 523 B 2 412 B
1 15.8 586 B 23 41 B
12 13.3 64.4 B 24 520 B
25 599 B

“The solid phases are: A=(NH,),50,; B=(NH,);H,(PO,)(S0;).

S3IHIS V.LVA ALITIANTOS 1SIN-OVdNI
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Componition ol stturated solutions i the (NH; ) HLEPOSES0,) - (NHL) 8O, - HyO system

Composition of saturated solutions in the (NH)2H PO, SO4) - NH HPO, - HyPO, - H,0 system

Sal o INH SO, comp® (NH 1 H((POESO,) comp? Sotid phase” Sofn no NH,H,PO, comp’ {NH,);H(PO4HSO,) comp” H;PO, comp*
emp 07C
2 no 0 A 65 193 1327 0
27 ofn 200 A 66 216 139 8.1
15.2 519 A 07 252 7.2 233
1 72,6 A+B o8 367 58.1 33.0
0 77 801 B 69 68.4 371 537
" . w32 n emp= /0L
32 o 107.9 B 0 745 2346 [
temp- 28°C 7 701 2179 3.65
0 6.2 3 A 72 58.8 177.1 221
L 550 514 A 73 727 1232 4.1
is 372 100.3 A
" o o A+B *The composition unit is: g/100g H,0.
7 313 g A+B
] 101 1252 B
W o 1434 B
temp =40 C
S RE).X ] A
il a6 Si4 A
42 134 104.6 A
42 276 150.2 A+B
4 7.7 149.3 A+B
45 134 163.1 B
a6 0 176.0 B
temp=70°C
47 914 o A
a8 735 9.6 A
k) s58 1064 A
0 370 1754 A
s 219 233 A
52 164 2058 A+B
sy 944 2708 B
54 0 2775 B
temp= 100 °C
s 1036 0 A
30 73.2 105.3 A
57 432 2181 A
58 274 2969 A
59 17.6 3756 A
o0 13.4 4410 A
61 .2 4816 A+B
62 120 w02 A+B
63 527 4824 B
o4 0 490.0 B

“The composition
“The salid phases are: A

2 Be= (NH, ) Hy( POL(SO,).

8veElL
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Part 2. e compiters used the data n Pant 1 o caleulaie the following values

Part 2 1he con

s ed The dita im Pan 8 i Calonlat e Tollowsisg saties

Soln NH, HpO, H,50, H,0 Soln NH; H;PO, H350, H0

o 0w, mfmol ke ! 100w, mmol kg ! 100w, mfmol kg ! 100w, no 100w, mimol kg™' 100w, m,/mol kg ' 100w, mJmol kg™ 100w,
1 I8 1o 0.0 0.0 322 578 56.7 53 n2 25.0 30.3 1.8 322 125 263
2 106 128 10.6 223 04 641 484 54 109 24.1 313 121 33 12,1 26.5
3 03 X8 15.6 358 2096 6.79 445 55 131 157 0.0 0.0 378 7.84 49.1
4 0.2 147 19.4 184 295 735 409 56 12.4 202 16.4 458 356 10.1 359
s 0.3 148 19.4 485 295 738 4038 57 120 255 257 9.48 346 127 21.7
6 o1 136 2R 5.12 271 679 40.7 58 120 299 29.8 129 34.6 15.0 236
7 871 124 25t 6.23 25,4 622 411 59 122 353 324 163 351 177 203
] 7.66 Lo LT 838 220 582 386 60 124 404 339 19.2 357 20.2 180
v 6,19 .3 40.6 1.7 17.8 5.13 354 6l 125 43.5 346 20.9 360 218 169

10 472 9.2 523 18.2 136 471 294 62 125 35 345 20.9 36.1 218 169

1 407 9.34 SR 234 1.7 467 256 [ 124 01 150 a0 5.6 214 17.0
12 ARR) 682 644 295 987 341 295 64 123 426 354 213 354 213 16.9
" 123 13 00 0.0 5.5 6.93 52.2 65 893 132 289 7.44 224 5775 397
14 18 15.4 940 215 339 77 443 66 817 1.6 308 7.59 19.7 4,868 414
15 1.5 17.7 173 463 ExN} 886 38.1 67 679 9.07 345 801 148 3441 439

1o 14 209 239 762 327 104 320 o8 6.16 824 39.1 9.08 109 2525 439

7 13 232 27.3 971 327 1o 287 69 6.02 917 493 130 610 1612 386
15 4 255 M6 s 328 123 262 70 1.2 269 39.9 167 244 102 244
19 in.2 0.3 18 32 26,3 7 109 250 39.9 159 237 9.49 25.5

o 10y 33 121 33 2.5 72 9.75 205 412 151 21 770 279

2 903 363 148 27 25,1 73 8.53 170 46.6 162 15.4 515 204
n 9.08 2 412 1.7 20.1 23.7

2 7.89 213 477 224 227 217 Auxiliary Information

M 7.29 27 520 2609 210 19.7

s 6.21 2% 59.9 .2 179 160 Method / Apparatus / Procedure: Source and Purity of Materials:

%6 10.7 07 0.0 00 207 58.6 The isothermal method was used. Ammonium sulfate, Chemically pure reagents were used. Ammonium sulfate was

27 0.3 0.9 a7 0873 297 553 phosphoric acid and water were placed in ampules. The recrystallized.

res were shaken in a st °C,

:i ‘j :« : : : : : l ; l ;: ::; :’7‘; :z“;:i‘l\ijbriurrl was clablishcd.I:‘::“ n’::::;r‘:s foe:‘dal;gwecd gner

- i e = . scttle. A pipet was used to obtain aliquots of the saturated Estimated Error:

30 014 1.2 16.4 38 203 48.1 solution for analysis. The saturated solution was evaporated to ) "

3 K13 9.75 194 405 234 49.0 dryness and the solid obtained was dried at 110-115 °C to Solubility: nothing specified.

o o 918 21 169 21 8.1 determine total solid content. The Ni1; content was determined 1 CMPerature: precision 0.05 K at 298 K and £0.5 K at 343 K.

Tl 58 tion metl L. S S

W s son by diln el T s i s

M 1.6 124 10.6 223 04 48.4 respectively.

35 103 14.3 180 4.36 29.6 42.1

36 10.2 147 19.4 485 295 409

7 10.2 14.7 19.4 484 295 409

38 9.40 133 221 544 271 414

E0) 872 125 25.1 6.23 25.1 411

40 1.8 2.2 0.0 0.0 132 55.3

41 1.0 136 103 223 315 412

42 108 15.7 180 4.55 310 403

43 10.6 17.2 23.0 6.53 304 36.0

44 106 17.2 23.0 6.49 30.4 36.1

45 G OR 16?2 751 709 MmRT 262

40 94 153 27.2 7.65 27.2 36.2

47 123 138 0.0 0.0 354 52.2

a8 ns 154 9.47 216 KEXY 4.8

49 s 177 17.3 462 331 381

50 3! 208 239 7.62 327 320

st 113 32 273 9.70 327 28.7

52 114 256 29.6 s 328 26.2

S31H3S YLVQ ALITANT0S LSIN-OVdnl

6vel



VA EEY jog WeyD sayd T

BOOF Y VN LO

Composition of saturated solutions in the (NH,);HPO, ~(NH,),580,~H,S0,-H,0 system at 50 °C

—
w
Components: Original Measurements: Soln NH, P,0g moly (NH,),HPO, (NH,),S0, H,50, Solid g‘
(1 Ammanias NG {7661 11 7] Yu. 5. Mislihenhu, M. L. Chepelevenhkiy, Ti, NIUIFa, 208, o 100w, 100 100w; roow; 100w, 100w,
(21 Phosphor H.PO,: [7664-38-2] 30-42 (1965).
(3) Sulfuric acid: H,80,: [7664-93-9] 3 11.73 — 417 0.0 456 173 A+E
(4) Water, Hy0: [7732:1% 5] 33 1.6 236 405 44 410 192 A+E
34 1145 344 403 6.4 380 212 A+E
Variables: Prepared By: 3s 13 6.15 38.2 a4 326 25 A+E
Contposition a1 50 L. V. Chemykh und J.Eysseltovi 36 13 100 359 186 260 246 A+E
37 11.3 10.6 5.0 17.0 3.2 254 A+C+E
Experimental Data 38 12.23 — 576 0.0 49,5 338 E+F
Part 1. The authors’ data 39 12.57 1.83 516 33 456 154 E+F
Compusition of aturated sofutions in the (NH,),HPO, ~(NHg) 80, ~H,PO,~Hy0O system at 50°C 40 12,1 443 55.95 83 388 393 E+F
41 1.8 624 5445 116 342 412 CH+E+F
Suln NH, P04 50, (NH),HPO, (NH,)280, H;PO, Solid 42 13 106 356 196 242 254 A+CHE
o 100w, 100w, 100w, 100w, 100w, 100w, phases® 43 10.59 1001 362 188 23 78 CHE
! 1074 07 203 72 14 276 A+B+C :: :?; Z'Z’: :;":5 :‘I"z 2""2’ :l‘z CC”‘:
2 10.71 200 210 20 346 24 A+B i - : : - : +E+F
B! 10.70 16.5 217 59 358 185 A+B e
. . 22 i 209 139 At Composition uf saturaccd Suluiuns In e (NHy)HPU,~(NH,);SO; ~H,;PO4~H,S0,~H,0 system at 50 °C *
s 1168 128 26 K 374 1 A+B Som - oo o E
6 .35 101 228 6.5 377 104 A+B 23 3 7]
7 16 106 230 7.4 380 8.7 A+B " 100w; 100w, 100w, (7]
% 1216 .27 240 7.7 96 70 A+B 46 1074 207 03 m
0 182 9.05 29 8.1 6.0 A+B 47 1101 1781 25.43 -4
10 12,35 9.53 204 99 57 A+B 18 na 124 321 AtB 2
" 30,03 145 20.25 17.3 72 A+B 49 10 o pogs AeB >
12 12,75 2308 1395 230 12.1 A+B 50 n3 106 156 A+BAG >
13 136 2.3 10.8 39 145 A+B >
14 14.39 37 9.16 407 15.1 136 A+B+D “The solid phases are: A=(NH,);SOy; B=NH,H,P0,; C=NH,H,PO,-NH,HSO,, [ie., (NH,),H,P0,SO,—compilers}; D o
15 1385 1135 2089 211 344 00 A+D =(NH),HPO,: E=(NH.)Hy(50,),; F=NH,HSO,; G=(NH,);H(S0,),. =
I 1346 1234 2045 19.3 338 26 A+B+D" .
7 13.65 16.20 17.20 247 83 89 A+B+D o
18 1402 26.1 13.25 7 219 . 1.0 A+B+D [w]
19 14000 287 .74 349 19.4 136 A+B+D 3
20 1408 2.7 10.15 379 16.7 128 A+B4D a
2t 14,37 3175 .10 an./ 5.0 13.6 A+B+D
2 125 WS e 54.0 0.0 131 B+D m
23 1401 37 227 50.6 38 145 B+D
24 1434 340 6.49 450 107 13.5 B+D
25 14.42 322 734 440 2. 118 B+D
26 1419 kIR 8.79 40.7 14.5 135 B+D
27 14.39 3178 9.16 407 15.1 136 A+B+D
28 10.74 20.7 03 72 334 276 A+B+C
29 9.93 Ho 188 75 3o 285 B+C
30 9.12 259 16.5 8.2 272 297 B+C
3 732 30 10.7 10.8 176 348 B-C

solid phases are: A=(NH,),80,; B=NH,H.PO,:
NH ):HPO,.
PThis is an obvious error, The compilers believe that the solid phase is A+ D,

=[NHH,PO,; NH{HSO, (i.c.. (NH{);H,(PO,)(SO,)—compiters]; D




Part 2. T he compitens hase cateadated e Tollowng values trom the authurs” data tor the NHy, PyO, and SO, contents

el ML, H,PO, H S0, H.O Components: Original Measurements:
" K mgmot by 100w, mmol kg ! 100w, m,imol kg™ 100w, omponents: 4 *
! (1} Ammonia; NHy; [7664-41-7) 1. M. Kaganskiy, A, M. Babenko, Zh. Priki. Khim, (Leningrad)

| 10,74 17600 @6 .14 249 7.08 358 (2) Phosphoric acid; HyPO,; [7664-38-2] 48, 138799 (1975).

2 0. 17.49 276 7.84 257 7.30 360 (3) Sulfuric acid; H,S0,; [7664-93-9]

ki 10.70 1573 5.82 266 6.79 399 (4) Water; H,0; [7732-18-5)

! 10.8 150 473 274 6.64 422

s 1165 1591 4.19 77 6.57 43.0 Variables: Prepared By:

o 1135 1464 341 279 6.26 455 _ . . y

e 328 2% 630 456 Concentration of (NH,),S0; 2t 0 and —10°C in an cquimolar  J. Eysseliové

M T 294 6.57 45.6 mixture of NH,H,PO, and (NH),HPO,.

9 3182 2.1 6.00 476
1 12,38 26.2 5.54 483 )
I OS5 10.1 25.1 Experimental Data
12 1275 454 383 Part 1. The authors’ data
1 136 4.12 27 Solubility isotherms in the NHgH;PO,—(NH,);HPO,~(NH,);50,- H,0 system
14 1139 374 106
B 1L 381 ho Soln “mixture™  NH.HPO, (NH),HPO, (NH.0,50, H,0 N+ P,0) ratic®

3 546 . :

I es 501 429 no 100w; 100w, 100w, 100w, 100w, 100w, N:P,04:8
I8 1202 491 337
19 1400 4.58 320 temp==10°C
n LLow ;“2 ;(’)g 1 14.706 6.8945 79152 18.3 694 19.25
M 1439 37 30.
b s 00 0 2 116 544 624 2652 61.88 206
23 14.01 0.910 311 3 19.481 9.1331 10.485 153 65.219 21.44 0.58:1:0.32
4 14.34 263 308 4 215 10.1 116 140 64.5 235 0.55:1:0.28
:: 42 f’fg ;]2; 5 24.752 11.604 13322 16 63.648 2368
5,’ 1439 374 30.6 6 1376 6.451 7.4060 312 55.04 24
x 10.24 7.08 3538 7 19.4 9.10 104 224 58.2 246
9 V.93 :73;8 23-; 8 31.02 1454 16.70 6.0 62.98 258
30 9.12 . 34. w
by T3 363 68 9 15.91 7459 8.563 308 53.284 258

3 17 140 372 10 306 143 165 72 62.176 26.0

R o 142 35.5 1] 24.42 11.45 13.14 186 56.98 266
X 141 146 34.4 0
3 259 143 334 temp=0°C
P 56 145 309 12 218 102 n7 1564 62.56 232

3 490 146 305 13 16.4 769 8.83 25.08 58.52 2358

» \l'-;'" ;(;7 : ;; 14 11916 5.5865 64135 3338 54.284 2424
ot o 027 132 15 13.52 6338 7277 324 54.08 2474
" 082 528 129 16 2268 10.63 1221 19.0 5832 255
42 490 14.6 0.5 7 15.732° 7.3755 8.4674 36 5268 26.0 .
jj f;ﬁ :48-2 ;‘g: 18 24.18 1134 13.01 194 5642 28 059:1:0.33
i 663 510 133 1] 29.106" 13.646 15.666 1.8 59.09 270 045:1:0.17
46 8.14 7.08 358 20 33.075 15.506 17.802 55 61.425 270
47 755 9.55 332 21 41.832 19612 22.515 04 57.768 313
48 5.82 126 37
4 536 135 313 PO .
b 0 e 03 Mixture”” is an equimolar mixture of NH,H,PO, and (NH,),HPO,.

“There is a typographical error on this line. The sum of the components does not equal 100.

Auniliary Information

Method / Apparatus / Procedure:
Nothing is stated. The compiler:
invariant points method was used.

Source and Purity of Materials:
sume that some sort of the  No information s given

Estimated Error:
Nothing is specified.
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Pat 2. The compiler has used the author data (Pare 1 o cateulate the following values

Noli Nil HL PO, H,50, HO
o o, ol ke ! oo, mfmol kg ! 100w, mfmol ' kg ! 100w,
1 7747 0,799 1066 1776 135% 2067 67.00
2 021 8701 200 1517 19.08 1243 61.88
4 7071 1476 1545 2417 11.36 1775 65.22
1 Ron 73 1705 2698 10,39 1.642 64.50
5 R107 70 ol 3147 K609 1379 63.65
o 10w 1ol nat 2024 2316 1.289 55.04
7 0784 CE| 10,39 2008 16,62 2912 58.20
N i 900 7421 2400 R 4453 om 6298
o) (IS 1237 1202 2416 2286 4373 53.29
i EREN 7724 4.7 1981 5344 (1.876 6220
1l 983 04 19.37 1A68 1381 2470 56.9%
12 K838 8013 17.29 2820 1161 1892 62.56
R} 0858 CREH] 1301 2268 3243 58.52
1 (IRE 1241 ey 1770 4741 $4.20
1s s 1 072 2623 4533 54.08
0 9,580 68t 1799 A7 2465 58.32
1 a0 (R 1248 2417 4540 5267
[E XA 41 19,18 1468 2,602 56.42
1o .50 000 2300 1980 1511 59.10
20 8230 1591 003 ERR 0.678 61.43
N N 72 KRS K 5860 0.052 5177

ary Information

Method 7 Apparatas / Procedure:

Wi ed polyiermic method was ed. !

Source and Purity of Matel

Chemically pure oF reagent grade salts were used. They were

receystallized twice and

designaied

al 40-50°C. The material

“missure’ wan prepared by grinding @ equimolar

mixtuse of NHH,PO, and (NHG ) HPO, in o mortar.

“stimated Error:

No information is given

References:
N Feayser. 1 M. Kaganskiv, Zavod. Lab. 1, 119 (1967)

Components:

(1) Ammonia; Niy; [7664-41-7]

(2) Phosphoric acid: H,PO,: {7664-38.2)

13) Sulfuric wcid: H,50,: [ 7664-93.9]
(4) Water: H,0; |7732-18-5)

Original Measurements:

T. Akiyama, H. Kanzaki, 5. M|

Zasshi 49, 2436 (1978).

awa. Nippon Dojo Hiryogaku

Variables;

Composition at 0, 25 and 50C.

Prepared By:

Hiroshi Miyamoto and 1. Eysseltovd

Experimental Data

Part 1. The authors™ daa
Compusition of satrated solutions in the NH;H,PO, -(NIL)HPO, (NHq) 2S04~ H;0 system
Sulu N Py0s 30, NPy BOFO,
o 100w, 100w, 100w,
temp~0C
[ R0 203 12 90 0.05
2 89 268 24 1.53 0.08
3 10.3 16.2 133 178 05
4 12.2 185 17.9 161 0.86
temp==25 °C
5 104 s 12 1.50 0.09
o i 2.3 7.0 155 022
7 49 199 99 1.64 044
8 14 18.8 137 179 0.65
temp= S0
9 138 38 10.6 1.59 031
10 o 248 12, 131 043
1 18.1 2.1 282 1.79 096
12 142 18.2 275 129 L34
Part 2. The compilers have used the data in Part 1 to calulite the following values
Soln NH, H,PO, H,50, Hy0
no 100w, mfmol” kg ! 100w, mymol kg ! 10, mimol b kg Wow,
1 9.7 9.4 280 471 L5 0.25 608
2 08 129 370 7.67 29 061 49.2
3 125 15.1 24 4.68 16.3 340 8.8
4 1438 231 255 691 29 593 377
5 12.6 %5 13.4 1o 30 1.0 10.0
6 135 204 39.1 103 8.6 22 388
7 12,0 146 275 5.80 12,1 2.56 8.4
8 139 188 260 6.10 16.8 394 434
9 168 374 39 170 13.0 5.03 26.3
10 13.4 209 342 9.30 143 4.02 376
n 220 174 36.0 49.6 345 475 74
12 17.2 424 25.1 107 337 144 239

Comments and Additional Data:
The solubilities of NH;H,PO, and (NH,)HPO, in the quaternary system NH,Hy POy~ (NH,),HPO,  (NH,),80,~H,0 in the range

ol N/PO, = 1.0 2.0 may he calculated from Egs. (1) and (2), respectively

Sp/ g soln} =6.76(2 - M)A/(S. 761 M)

SHe/100g soln) -

7.76(1

MIANSTO A

i)
@

(4148
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A 18 the sumn ot sotubriitses of N EL PO, nd ONFLHIPO, mothe e

1y system NGO, ONH PO, HLO tor g

en vulue

CEAT M A, WITE p i A st o tegen i NTERPO L aod G DO w g, st sount ol dhe phesphars, The

ot wl e NSO, s 0! ncduded s the

Ausiliary

o ni i

Information

Methad / Apparatos / Procedure:
Mintes of NHH O 8H 0 HPOL N

wete phived el stoppered bottles and beated oo & water

Oy and water

Bath at 90 ¢ The botthes were allowed lo setle ata grven
fempetatie for 7 days 0 no crystals had tormed. then seed
Coystals were added and the weatnes were ablowed o seule

seantent i the saturated

Tt another 7 vt Total astiog

wlitions was determmed by chemreal analysis. The phosphate
aned sultate contents were deternnned as 1.0, and SO

respectivedy

Source and Purity of Materials:

Chenncally pure ammonium salts were used.

Estimated Error:

Nothing i speciticd

Components:
(1) Ammonia: NHy: [7664-41-7]

(2) Phosphoric acid: ELPOL: [7664-38-2]
(3) Subfunc acid H,80,: (7664-93.9)
(4) Potassium oxide: K0z [12136.45-7]

(5) Water: H,0; [7732°18-5]

Original Measurements:

Z. N

Fokina, E.

N. Kornishina, .

P Kim. Tekhnologiya

Mineral nykh Udobremy (Leningrad) 63-8 (19771,

Variables:

Composition at 80 °C.

Prepared B:
L.

V. Chernykh and J. Eysseliovii

Experimental Data

Part 1. The authors data

Solubility isotherms in the NH H, PO, - H; PO, - K3 SO, - Ha (O system at 80 °C

Saln Ki0 NH3 PO
no 100w, 100w, 100w, Solid phase
| 12,54 141 30.36 KHS0,-KH PO,
2 .02 263 RERH] KHSO,-KH, PO,
3 10,60 355 2940 KHSO,-KH,PO,
4 10.20 5.20 28.60 KHSO,- KH; PO,
5 6.30 6.00 2415 (KNI H, PO,
6 7.29 570 29.80 (K.NHy ) HL PO,
7 514 6.41 3217 (K.NH, ) H, POy
% 232 6.61 30.76 (K.NHy ) H,POy
9 9.03 0.30 40,00 KHSO,-KH,PO,
10 863 0.65 38.90 KHSO, - KH;PO,
i 736 249 39.00 KHSO,-KH,PO,
12 651 433 40.61 KHSO,-KH,PO,
13 528 482 40.40 (K, NH;JH2PO,
1 153 570 39.56 NH,H, PO,
15 047 7.86 40.80 NHLHL PO,
Part 2. The compilers have used the data in Part | 10 caleufate the fotlowing values
Soln NH, HiPO, H,50, K0 Hy0
no mmal ' kg ? 100w, mgmol ! kg ! 100w, mfmol ! kg ! mdmot 100w,
i 266 4192 1377 13.06 4284 424 3107
2 512 4471 15.12 11.47 3878 3878 0.07
3 649 40.59 1211 .04 3288 3288 3422
4 B85 39.49 11.68 10.62 3.140 3.140 34.49
5 833 38.87 9.383 6.56 158 1.5% 4227
6 875 4115 1097 759 202 202 3827
7 973 44.42 172 535 141 141 3868
8 8.40 4247 9384 242 0.533 0533 46.18
P e 2165 2.0 268 260 26,04
10 136 19.56 8499 327 327 2802
i s 5385 19.19 7.66 273 273 28.64
12 .66 56.07 2075 6.7% 261 263 26.31
13 9.49 5578 19.89 550 196 1.96 28.62
4 10.3 54.62 1717 368 115 115 3247
15 132 5634 16.50 049 0.14 0.4 34.85

S3IIH3AS V1Va ALIENTOS LSIN-OVdNI
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Method 7 App

methods were e sane

itas £ Procedur

e

Auniliary

Informal

ven carlien

cthat e

Source and Puri

N

Estimated Frror:

Nomtorntion s gnen

References:
PN Baranoa N1 Senk
1t Mo Telho

enmgrad] S5 (19771

of Materials:

m. PP

Ko 12N Kornishina, and

[t

ral gl

[ldohrioniy

Components:

A ML [ 7664417

(2) Phosphoric acid; H PO ,; [7664- 38-2]
(3) Hydrogen chloride: HCL: [7647 01 0]
(4 Water; H,0: [7732-18-5]

Evaluator:

1. Dyaachovi
September, 1995

Charlen

University.

Prague.

Crech

Republic

53 Soluhility in the NH;—~H PO ,—HCI-H.0O System

Critical Lvaluation:

" \ . A )
There is only one report! that presents data ahout the composition of solutions on the boundaries of the crystaltization fields of

this system. Another artic
NH/H (PO, ratio - 1.2 A vis

deseribes the system as comprising NHyH, PO, (NH )L HPO, HCEand HLO as components at s
al comparison’ of the projections of the 293 K isotherm reported in Ref. | and the polytherm

reported in Ref. 2 shows an intersection at a position which appears o be reasonable so far as the compusition of the saturated

solutions and the temperature are concerned, ‘Therclore, these data are aceepted tentatively.

There s a report of solubility data for that part of the quinary system NHy HPO; HOT KO- Hy0O where HPOSN 1Y

However, these data cannot be eritically evaluated bed

use of

awk of other similar data. To a limiited extent the dats

an be

compared with those for the NH,HyPO, -KCI-H,0 and (NH,), HPO, -KCL-H,0 systems.> 1t iy difficult to compare these data

with cach other hecause of dille

NH K [H,PO, .CL - Hy0 sysiem (see pp. 1366- 1369, 1376).

References:

'A. A, Valkov, O. E_ Sosnina. lzv. Vuzov, Khim. Khim. Tekhnol. 17, 1725 (1974).
21N, Grantscharov, Dokl Bolg. Akad. Nauk 29, 669 (1976).

1. Eysseltovii. 10 be published.

V. A. Polosin, M. I. Shakhpaconov, Zh. Fiz. Khim. 21, 119 (1947)
M. Karchov, K. Aviteba, Clad na VKRTL, Safin 101 71070

“T. N. Baranova, N, T
5 (1977)

7. N. Fokina, E. N, Kornishina, P. P, Kim, Tekhnologiya Mincral nykh Udobreniy (Leningrad) 63 (1977)

enl experimental conditions, but they will be discussed Turther in connection with the

Semkin, P. P, Kim. E. N. Kosaishina, 1S, Nikandiov, Tehhnologiya Mineral'nykh Udolneniy (Leningrad)

vsel

35)HIA 'd "L ANV VAOLTISSAI T



8661 ‘9 'ON ‘Lz OA ‘Bleq 'Jod "wayd 'shud

T I T R R S
Compomente Original Measorements: recalculated the data of Part | 1o give 1he following values
(11 Ammonia: NI [7664-31-7] A. A Volkov, O. . Sosnina, lev. Vuzov. Khim. Khim. Tekhnol Soln NH, PO, o o
(23 Plhiosphoric wd: HPO,. [ 76643821 17, 1725-6 (1974) o 100w, il ! kg 100w, ot g 100 v, ol kgl 100w,
(3) Hydragen chlande: HCE [7674.01-0] :
(4 Water: Hy; (773218 5] | 104 10.1 2.0 4.90 0 0 60.5
Variables: Prepared By: 2 123 173 6.1 113 0 4 416
Compusition at 20°C 1. Eysseltovi 3 553 24 81.2 0 0 133
“+ 440 228 84.0 o o 1.5
N 5 141 776 716 103 26.5 107
Experimental Data
. . 6 296 15.1 9.2 6.33 15.1 1.5
Part 1. The authors present their data in the following form: s . X
Solubality in the NH, ' HU [ PO, LG - HyO system at 20 °C 7 697 XX %04 o 259 xxx 0
8 6.61 8.43 3.1 8.44 931 5.55 46.0
Soln NH,CE H.ro, (N#H,),PO, H,0 9 7.1 7.02 208 357 126 579 59
o 100w, 100w, 100w, 100w, 10 725 722 20.8 359 13.0 6.03 59.0
1 151 6.54 10.6 160 13.4 350 (YA
! 28 7.2 60.5 At+B 12 8.63 19 382 0.552 17.1 6.63 70.5
2 8.6 014 41.6 B+C 13 108 108 170 297 137 6.40 58.5
} LR 18.6 13.3 C+D 14 125 159 36.0 7.98 5.56 331 46.0
4 B3.3 147 1.5 D+E 15 12.1 143 286 5.84 9.24 5.07 50.0
s S0 ¥17 s F 16 104 100 169 2.82 nz 527 61.0
o 0 K05 - 1.5 F 17 104 9.39 9.31 1.46 153 6.45 65.0
7 18 794 o8 — C+D+F 18 102 8.74 460 0.685 167 6.69 68.5
8 25.3 025 122 46.0 CH+F 19 1.0 9.86 829 1.30 156 6.54 65.2
v 455 455 9.0 59.5 C+F 20 9.73 8.66 16.6 257 7.63 317 66.0
14 0 ERN) 8.3 59.0 cr 21 10.1 943 22,1 a8 474 2.00 030
1 o1 2.9 2.0 67.5 C+F
IN RR X6 6.6 70.5 C+F “The molalitics could not be calculated because the respective liquid phase was anhydrous.,
1 "3 07 30 8.5 C+F
" . s Sia 160 P Auxitiary Information
1" 21 7.2 457 0.0 BHCHE Method / Apparatus / Procedure: Source and Purity of Materials:
o A 189 70 610 BHF The isothermal method of sections 1, 2 was used with the aid  Chemically pure H,PO,, recrystallized ammonium phosphates,
i 6l 3.4 271 65.0 B+F of refractive index measurements. Seven sections were studied. and reagent- grade NH,Cl were used. (NHg),PO, was
B 7.8 222 68.5 A+F synthessized according to the method of Schottlander (no details
19 05.0 15 309 65.2 A+B+F given). 1ts solubility was 12.8%.
20 129 140 530 66.0 A+B
21 168 187 625 6.0 A+B Estimated Error:

No information is given.
“Phe solid phiases aret A (NH) PO, 1500 B (N HPO,: C o NHHPOL D= INHGH,PO,-HPOy: E= NHH PO, HPOy; F
NELC

. . | References:
i this solution. 073w (presumably of sotute - compiler) HCT was present.

'R. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. un-te. 11, |
(1937).
2E, F. Zhuravlev, A. D. Sheveleva, Zh. Neorg. Khim. 5, 2360
(1960).
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Part 2. The compiler has caleulated the following values from the data in Part |

Components:
VI ABIROTEG NG [Too4 41 T

Original Measurements:

1IN Gramsenarov, Dokl Bulg. AKad. IVaUK 29, 009-72 (1970).

() Phosphonic acul: 11,PO,: [ 7664 38 2]
() Hydrogen chlonde: HCTL [7647 01 0]

) Water: HLO; [7732 18 5]

Variables:

Composition and temperatire

Prepared By:

3. Eysettovi

Monovarant pamis i the NH,CL NI, PO, (NHL) L TTPO,

Experimental Data

Pant 1 Fhe author presents his dataas follows:

HLO system when the ratio NH GH PO, = 1.2

ot NHLC NI )1 POy o Solid
o 100w, HOO 100 w, o'C phases”
I s 0.0 805 14.5 A+B
2 17.6 42 8.2 - 152 A+B
1 171 53 776 15.0 A+C
4 146 5./ 1t 13 AtC
) 116 0.0 774 12.0 A4C
n NS 10 715 1.0 A+C
i 76 139 785 -10.0 ALC
= 4.4 1944 77.0 -7.5 A+C
o 1o 19.4 7.0 -74 ALC
n (R 2% 76.2 - 64 ArC
" ) 250 750 58 A+C
[N [BX)) 50 76.0 =15 B+C
14 20 5.0 73.5 0.0 B+C
B} 27 S8 THS 9.5 B+C
15 3 6.8 6.9 19.0 B+C
16 2582 7.5 67.3 256 B+C
17 257 8.5 658 305 B+C
[ 27.0 10.0 630 110 B+C

“The solul phases arer A eer B

NH,CL € NH, PO,

The Tullowsng two empitical equations are alo given in the paper

N+ PyOq-at bPOYN

[0

This is vatid i ald crystallization ficlds in this system. N and PO are the respective concentrations in mass %. a and b are constants

which depend anly on temperatue

N P.O,-7.29 L0105 + 2615(P,00N) £ 0.045904P,04/Ny

Ttis equation is valid only in the crystatlization field of NH,H,PO,.

)

Soln NH; H,PO, HClI H,0
o 100, ot | g 100w, mgmol Ukt 100w, kg mass %

1 6.2 4.5 0.0 0.0 133 4.53 80.5
2 6.3 48 3s 0.46 120 4.21 78.2
3 64 48 44 0.58 1.7 412 776
4 58 4.4 73 0.95 9.3 33 7.7
5 58 4.4 84 R} 8.6 a0 774
& 52 20 "7 1.59 58 20 7
7 48 36 1.6 15t 5.2 18 78.5
8 4.6 159 2.10 27 0.97 71.0
9 4.3 16.2 213 2.0 072 7.6
10 4.3 191 255 07 0.2 76.2
1 44 209 2.84 00 0.0 750
12 69 42 0.56 13.0 4.67 76.0
13 7.6 4.7 0.65 14.2 532 7.5
14 82 4.8 0.69 15.5 593 715
15 89 57 0.84 16.6 6.59 68.9
16 9.3 a3 008 172 7.00 )
17 9.7 71 B 175 7.30 658
[ 103 84 14 18.4 801 63.0

Auxiliary Information

Method / Apparatus / Procedure:
A vicual polythormic method was wed. The apparatus was
self-constructed.!

Source and Purity of Materials:
Ruagent grade saus were recrystaiized and dried at $0- 50 °C,

Estimated Error:

No information is

References:

given

'L N. Grantscharov, D. G. Ivanov, God. na VKKTT 15, 127

(1968).
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Compiler™s R
saturated sobutions.
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Auwniliary Information

Components: Original Measurements:
11 Ammoma: NHy: {7663 41 7] T. N. Baranova, N. T. Semkin, P. P. Kim, E. N. Kornishina, 1. 8. Method / Apparatus / Procedure: Source and Purity of Materials:
121 Phosphoric acid: H PO [ 7604 38 2] Nikandrov. Tekhnotogiya Mineral'nykh Udobreniy (Leningrad) X . . o
132 Hydrogen chlarde: HCLL (7647-01-0] 559 (1977) The only information given is that the solutions were analyzed No information is given
P :m ol “K o h,‘l 1 457] s for P,05, K,0, NH; and CI” . The composition of the solid
assium oxude; Ky0 (12 : . s pe
(3 Watee, 1L 17732 14 5) phase was determined by chemical analysis, peteographically Estimated Exror:

and with the aid of IR spectroscopy.

No information is given.
Variable Prepared By:
Composition at 20 and R0 “C L. V. Chernykh and J. Eysseltova

Experimental Data
Fhe authors present their data 1 the following form. Sofubility isotherms in she NHyHiPOy-H,PO, ~KCI-HO system

[ NH, P,05
Soln o 10 w, 100w, 100 w, Solid phase
temp=20C
1 10.22 2.20 16.23 KH,PO,
2 740 230 15.94 (K.NH;)H,PO,
1 4.59 A4 17.26 (K,NH,)H,PO,
4 206 364 18.61 {(K.NH ) H,PO,
s 195 151 17.17 (K.NH,)H2PO,
o 800 204 3144 (K,NH,)H,PO,
7 746 245 26.76 (K.NH,)H,PO,
% 6.32 250 29.83 (K,NH;)H,PO,
Y 461 364 31.26 (K,NH,}H,PO,
10 177 415 30.50 (K.NH,)H,PO,
H 650 204 53.80 KH,PO,
12 551 262 5178 (K,NH,)H,PO,
13 amn 303 5110 (K:NH)H,PO;
14 10 370 50.98 (K.NHH,PO,
15 170 4.9% 5285 NH,H,PO,
temp = 80 °C
0.78 26.82 KCi
150 2872 KCl
264 29.93 KCI
5.04 26.90 (NH,.K)H,PO,
559 26.09 (NH4,K)H,PO,
590 30.29 (NH,,K)H,PO,
6.31 29.70 (NH,,K)H,PO,
6.28 29.76 (NH,K)H,PO,
0.84 35.60 KCl
4.56 34.26 KCl
480 34.08 (NH,,K)H,PO,
362 35.00 (NH, K)H,PO,
6.07 34.62 (NH,4,KYH,PO,
6.61 36.42 (NH,.K)H;PO,
6.68 3240 NH,H,PO,
710 3575 NH,H,PO,
7.22 34.65 NH,H,PO,
0.87 39.45 KCl
147 3711 KCl
1.54 42,10 KCl
2.68 42.60 KCI
436 4215 KCl
5.10 40.10 (K,NH,)H,PO,
6.18 39.80 (K,NHy)H,PO,
6.58 38.31 NH,H,PO,
7.22 42,65 NH,H,PO,
7.02 4145 NH,H,PO,
Uy “44.10 KCl
2.80 44.90 KCl
5.05 44.33 KCl
4.60 44.48 KCl
6.07 4378 (K.NH,)H,PO,
722 44.01 NH,H,PO,
7.32 45.67 NH,H,PO,
770 4579 NHH,PO,
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Components: Evaluator:
enphonphiate: NHALPOE [772276-1] ). Eysseliovi, Charles University, Prague, Crech Republic,

September 1995

O Amamemaunm difiydiogs
€3 Dismmonaim hydrogenphosphate; (NTLYHPO,:
7753 2% 0]

03 e CHN.00]S7 136)

1 Waters 1100 1773218 5]

Critical Evaluation:
6.1. Solubility in the NH,H,PO,;—(NH,),HPO,—Urea—H,0 System

M ditferent subsysican gy be selected in the N HEPO, ELO system. One of them, the ternary system NHgH PO, -
CNHLY IO, THO, s of specsa impostance. Many studies of multicomponent systems formed by the addition of further
compounds o 1 sysiem have been reparted. One such system. NHgHa PO ={(NH ) HPU - ured-HyU, Ras been imvestigated by
Leanon s Grantseliaron. " Fhey studicd the parts of the system where the NHJP,O; ratio is 1.4, 15, 1.6, 1.7, 1.3 and 1.9. In
their repunts they alse meluded nomograms for caleubanng wtal plant food vatue.® ¥ The only ather work that can be compared
with the work ol Tvanos and Grantseharos is the work of Kaganshiy and Babenko." The later report discusses a study of the
item where the NHZP,O, ramo s 1.5, The plant food values reported in Ref. 10 are given in Table . This Table also includes
the plant foud values cateufated by wing the nomagrams of Tvanov and Grantscharov.? The agreement is fairly good which
harov. But further experimental work is necded

of heamoy and G

ndicites some validny lor the "

butore a more detanled evaduation can be made.”
Reparts o studies of other multicomponent systems formed by the addition of agrochemically important components to the

NHLELPO, NH PO, wiea 10O system are atso availuble.'* However, no evatuation can he made of these data because of

ditterences in e components used aud in the experimental conditions that prevailed

Fable 1 The total plan foodan e NHEFGPO, ONH PO, area 1O system ata NHP,O5 ratio of 1.5 and emperatures of 0 and
IS

Plant food values/ 100w (N4 P05)

temp- 0°C temp=10°C

e’ caled” exptl’ caled®
[N 19.5 212 221
na 224 23.9% 2.4
2.1 256 278 27.1
290 20.8 3046 307
RE 322 350 34.0
3.2 324 36.4 343
333 324 37.6 345
304 346 6.1 35.5

353 36.5

350 379

“Lixperimental values trom Ref 10,
PCaleutated values wsing the nomograms in Ref, 4

References:
"D, G, vanov., 1. N, Grantseharov, God. Vissh. Khimikotekhnol. Tnst. Sofiya 13, 165 (1966).
D, G, vanov, 1. N. G b L God. Vissh. K Inst. Sofiya 15, 153 (1968).

1L N. Grantseharov. D. G, Tvanov, God. Vissh. Khimikotekhnol. Inst. Sofiya 15, 127 (1970).
D, G. bvanov, | N. Grantscharov, God. Vissh. Khimikotekhnol. Inst. Sofiya 15, 159 (1970).
.G, Ivanov, I N. Grantscharov, God. Vissh. Khimikotckhnol. Inst. Sofiya 15, 227 (1970)
01 N. Grantscharov, D. G. lvanov, God. Vissh, Khimikotckhmol. Inst. Sofiya 15, 335 (1970)
D, G. Ivanov. L. N. Grantscharov. God. Vissh. Khimikotekhnol. Inst., Sofiya 15, 349 (1970)
31N, Grantscharov, D. G. Ivanov, Miner. Torove. Nauch Tekh. Konf. 2nd 107 (1970)

91 N. Grantscharov. D. G. Ivanov. Khimiya i Indusiriya 14, 63 (1971).

gunchiy, A. M. Bubenko, Zh. Prikl. Khim. (Leningrd) 43, 2491 (1070)

101, M. K
A, V. Slack, 1. D. Hutfield, H. B. Shaffer, J. C. Driskell, £ Agr. Food Chem. 7, 404 (1959).
21 M. Kaganskiy. A. M. Babenko, Loy, Obl. Neorg, Tekhnal. 69-73 (1972).

Components: Original Measurements:
D. G. Ivanoy, . N. Gi

Inst,, Sofiya 13, 165-82 (1966).

(1) Ammonium dihydrogenphosphate; NH;H,PO,:
{7722-76-1]

(2) Diammonium hydrogenphosphate; {NH,),HPO,;
[7783-28-0]

(3) Urea: CH,N;0; [57-13-6]

(4) Water; H,0; [7732-18-5]

God. Vissh. K

Variables: Prepared By:
Temperaturc and composition in solutions with a NH,/H,PO, 1. Eysschovd
ratio = LX.

Eapertmental Data
Part 1. Solubility values in the CO(NH;),~NH,HPO,~(NH,);HPO,~H,0B system in solutions having a mol ratio NHy/H,PO, = 1%
All compositions are expressed as 100 w,

Soln no s NINH;) Nlur) Nitor) P05 N+P,0; N:PyO5 K Solid phase
1 63 247 2351 25.98 695 3293 1:027 339.5 (NH,),HPO,
2 63 123 2645 27.68 347 KRG 1:0.13 3135 urca
3 63 —_— 29.40 29.40 — 29.40 10.00 3140 urea
4 61 239 277 25.16 673 31.98 1:0.27 3284 (NH,);HPO,
5 ol 1.20 25.61 26.81 337 30,18 1:0.43 309.6 urea
6 61 - 28.50 28.50 - 28.50 1:0.00 310.8 urea
7 59 347 19.26 273 9.86 32.59 1043 338.1 (NH,);HPO,
8 59 2.31 22.02 2233 6.51 30.84 1:0.27 303.1 urca
9 59 115 2477 2592 325 29.17 1:0.13 305.0 urca

10 59 - 27.50 27.50 - 27.50 306.7 urea
1 57 4.47 15.96 2043 1258 33.01 33838 (NH,),HPO,
12 57 335 18.62 2197 9.44 31.4) 3250 (NH),HPO,
13 57 223 21.28 23.51 629 29.80 298.6 urea
14 57 112 23.93 25.05 315 28.20 3016 urcd
15 57 - 26,60 26.60 — 26.60 3028 urca
16 55 10.78 — 1078 3035 4113 3388 (NH,),HPO,
17 55 9.70 2.57 1227 2731 3958 337 (NH,),HPO,
18 55 8.62 513 1375 24.28 38.03 3376 (NH),HPO,
19 55 7.54 7.10 15.24 21.24 36.48 3370 (NH.),HPO,
20 55 647 10.26 16.73 1821 3494 3354 (NH,),HPO,
21 55 539 12.83 18.22 15.17 3339 3314 (NH,),HPO,
2 55 431 15.40 19.71 1213 3184 3219 (NH,),HPO,
23 55 323 17.96 2119 9.10 30.29 3080 (NH{),HPO,
24 55 215 2053 2268 6.07 2875 2938 urca
25 55 108 23.09 2417 303 2730 296.4 urea
2 55 — 25.60 25.60 — 2560 208.8 urea
27 52 10.19 - 1019 28.69 38.88 3250 . (NH,),HPO;
2 52 9.17 243 11.60 25.82 3742 3239 (NH,),HPO,
29 52 815 485 13.00 2295 3595 3228 (NH,),HPO,
30 52 713 7.28 14.41 20.08 34.49 3215 (NH,),HPO,
31 52 6.11 970 1581 1721 33.02 3182 (NH,),HPO,
2 52 5.09 12,13 1722 14.34 31.56 3128 (NH,),HPO,
33 52 408 1455 1863 1147 30.10 3037 (NH,),HPO,
34 52 3.06 16.98 2004 8.61 2865 286.7 (NH,),HPO,
35 52 2.04 19.41 21.45 574 27.19 289.2 urca
36 52 102 21.83 2285 287 2572 2922 urea
37 52 — 24.30 2430 — 2430 293.3 urea
38 30 .80 —_ 9.30 21.58 37.38 3158 (NH,),HPO,

8g€el
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T2 T COmPIer Bis sl uhatend e sata s s i paee i Lol i <ot s st atoons o
Soln CO(NH,), (NH,)- 1P, NHLHL PO, 1.0
Solu no 100w, mymol ' kg 100w, mdmol 1 kg ! 100w, mfmal ' ohg ! Hih,

" UN ‘ ) p TIK® Solid phase

e 5 NN Ntur) Nitol) POs NP NP0 K Solid phave 0 5043 27 1033 711 227 053 608
2 56.74 2554 513 L0S 176 0.27 36.9%
w 50 X2 an s 2483 35.9% 1:2.23 345 (NH,),HPO, 3 63.06 2843 0.00 0.00 0.00 36.94
) ) . 3129 H)s 4 2087 9.98 221 0.49 w97
1 0 TN 166 1250 207 3457 1077 3 (NH,);HPO, 4 i Son ok 054 e
4 s0 .40 700 1366 19.31 337 1139 3 (NH,),HPO, 6 26,19 000 0.00 0.00 3887
X ) . . . 075 H, ). HPC 7 16.83 14.33 350 074 4086
12 0 5 8% 0,31 1521 16,55 3176 1:1.09 07 (NH, ), HPO, 8 19.19 9.64 215 0.46 40.97
] Sty 490 I Lbts 16.56 1379 30.35 1083 RIIE S (NH ) HPO, 9 2108 4.y 110 0.23 40.99
! 02 P %04 0.62 2902 NH,),HPO, 10 2395 0.00 0.00 0.00 41.01
if S0 )2 1399 i7.91 1oy 1:0.6. (NH ), HPO, " 1326 18.68 an 083 4297
a8 50 204 16.13 19.27 ¥.27 2754 1:0.43 3.2 urea 12 15.48 1398 12 063 429
- oo 062 s.52 .14 007 235.7 . 13 17.69 9.30 210 042 4296
3o S0 1.96 1506 20.62 5.5, 6. 1 urea 1 19.80 159 102 0.21 4296
47 S0 [0} 2000 2197 276 2073 1013 28R8.5 urea 15 22.12 0.00 0.00 0.00 4294
| - 213 2130 10.00 298 e 16 0.00 45.04 9.95 1.92 45.01
N o ka0 2330 e 17 204 40.53 8.95 173 4501
0} K a1 941 26.48 3589 1:2.%2 3054 {NH;),HPO, 8 a.07 3599 7.99 1.54 45.01
s N Trse . S04, (NHy)2HFO, 1 o i 700 035 4501
wn % w0 ! 071 22t 1ss ! o o 20 814 27.04 595 115 45.00
Si S 752 448 12,00 21.19 RERDS 1:1.77 RN {NH,),HPO, 21 10.18 22.53 4.96 0.96 44.99
) R 54 LA 1039 209.4 NH, ), HPO, 2 1223 18.02 196 077 99
b 3 b 0.12 1330 1854 (NH,);HPO, % 1426 13.48 300 0.5% 1499
51 a8 504 896 14.60 15.89 30.49 1109 2948 (NH,),HPO, 2% 16,30 %95 204 039 4497
; i > s P 214 1083 2895 NH,)-HPO, 25 1833 453 0.96 019 44.98
M & 170 .20 1590 13.24 ’ (NH,);HPO, 2% 2028 0.00 0.00 0.00 4509
A8 Rt 176 1344 17.2G 1059 209 1:0.62 2757 {NH4),HPO, 27 0.00 42.57 9.4 1.70 48.02
. e . 2045 1043 279.2 . 2 181 3831 847 153 48.01
st * T8 15,08 18.30 795 ured 29 361 3404 7.54 136 4802
57 RLd 188 17.92 19.80 5.30 2510 1:0.27 282.0 urea 30 5.4] 2962 6.74 1.22 4803
a5 5 OX 2015 2109 265 2374 1:0.13 2833 rea 3 721 2551 5.66 103 48.02
i an 0 o1 ! " ! » 9.02 2125 473 0.86 4800
9 48 2240 2240 2240 1:0.00 296.1 urea 3 10.83 1708 37 0.67 4800
. N g 1982 01 (NHL)HPO, 34 12,64 12.79 2.81 031 7.98
an ' X3 BAY 28 oK X ! - 35 1445 853 1’87 034 47.96
ol 1s 794 210 10.04 23 3241 1:223 287.0 (NH,),HPO, 3% 16.25 426 0.94 07 47,97
o 45 106 420 11.26 19.88 1NN 1177 287.0 (NH,),HPO, ;; 'g-ll)a 4882 300(1‘ ?-2‘7’ ;7) g{f
ot s ol% 030 1248 1740 20.8% 1:1.39 284.0 (NH,);HPO, 39 166 36.85 8.13 141 50.01
= is 330 K40 1370 1491 2861 1109 2789 (NH,),1HPO, 40 33 3276 723 1.26 5002
Ny at 5.00 28.67 6.32 110 50.00
05 15 ERT! 10.51 14.92 1242 27.34 1:0.83 2717 (NH,),HPO, ) 6.66 2458 541 0.94 50,00
iy > 2 o 43 833 2048 450 078 50.00
6 45 38 12,61 16,14 9.94 26,08 1:0.62 2708 urea b a3 2048 4% 08 00
o is 2os L7 170 745 e 1043 2738 urea 15 1167 1230 265 047 19.99
o8 45 170 1681 IR.S57 476 2354 1:0.27 277.1 urea 46 13.34 .19 1.81 0.32 49.97
¥ 8 " 47 15.00 4.09 091 0.16 49.98
9 is [ 1891 19.79 248 227 1:0.13 2802 urca P 16.64 0.00 0,00 0.00 50.02
70 15 2000 2100 2000 1:0.00 2815 urea ;‘3 ?22 }2-33 §;~§g :‘,‘“4) g%%
71 43 K43 843 2173 A2le 1:2.82 2825 (NH,),HPO, 51 308 31.39 7.00 117 520
72 4 7.58 201 9.59 2138 30.94 1:2.23 2817 (NH,),HPO, 2 4.62 2746 6.12 1.02 52.00
53 615 2354 524 088 52.00
7 48 674 401 10.75 1893 29.73 1177 278.0 (NH,);HPO, 51 769 19.62 136 073 51.99
7 a3 500 6.52 1192 16.61 28.53 1:1.39 274.1 (NH,),HPO, 35 9.23 15.70 348 0.58 51.99
56 1078 1176 264 044 51.97
73 43 169 16,05 17.74 475 2249 1027 2728 urea 57 1232 784 176 0.29 5196
70 43 0.4 18.00 1890 237 2127 1:0.13 274.8 urea 38 1385 392 0.88 0.15 51.98
gg Iigg 12 (9)(‘) 0.00 0.00 31.93
Hins i anunber charactenzing the respective section. [t is close (o, but not identical with the ttat salt content of the system. 61 l,"}ﬁ 3314 51[% }%3 23‘33
"This s the temperaure af crystallization 62 273 2949 6.53 1.03 5497
63 409 25.82 571 0.90 54.96
64 5.46 2217 485 077 54.96
65 6.83 1842 408 0.65 54.95
66 8.20 14.75 326 052 54.94
67 9.56 11.09 241 038 54.94
68 10.87 7.72 0.99 0.16 55.23
69 12.29 3.67 08 013 54.05
70 1500 0.00 0.00 0.00 54.96
7 0.00 35.23 777 118 57.00
72 126 3165 7.03 1.07 57.01
7 251 215 623 0.95 57.01
74 416 2465 5.44 0385 5592
75 10.06 7.08 1.53 023 56.96
76 1132 350 0.79 012 56.97
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Part 3. Comments and Additional Data:

The authors presented the tollows

273060 POUN s comtant [ 1]

NP At b

NP, 1P OUN) T s constans 121
NIPOL ¢ 10, ONT (T 220160P,00N" 3]

The values of the constants e summiarized i the Table helow

quations refatmg total plant food to tempezature anid 10 the POYN ratio.
the cquilibrium solid phase is constant
the equilibrium sofid phase is constant

the equilibrium solid phase is constant

Table of constants for the cquations.

Mus nitio Values of the constants Temperature
PLOUN 5 b K
282 078 [EREY) 21310 555,10
wn 2980 0151 273.16-338.16
V77 29.20 0137
1.3 28.50 0124
10n 2.0 0.108
083 27.50 0.100 273.16-338.16
62 27.53 0.0KS 275.66-343.16
043 27.60 0075 288.66-343.16
043 24.60 0.295 273.16-288.66
)27 2261 0.282 273.16-303.16
BAR) 2085 0.257 273.16-315.66
0.00 19.14 0.250 273.16-315.66
Temperatue Values of constants Mass ratio
K a4 P,05/N
AR 26.25 1.59 282083
28306 27.00 1.90 2.82-083
2306 2780 220 282-083
Wi la 28.69 246 2.82-0.83
STRNTY 29.60 278 2.82-0.83
27306 19,04 1270 0.62-0.00
M6 21.60 13.70 0.43-0.00
Feuitibrnn Values of the constants
soliad phitse ¢ f g h
(NH; 1 HPO, 26.27 1.6 0.108 0.392
COINHL, 19.47 12,675 0.3263 0.1159

Comment: The cquations descrie the experimental data with a refative emor of = 0.3%.

Auxiliary Information

Meuod / Appa atus ¢ Procedurc:
A visual pufythermic method was used. The apparalus
consisied of 2 thermostated reaction vessels, the conteats of
which were stirred vigorously. The appearance/disappearance
of the last crystal was observed with & stereomicroscape. The
compunition of the cquilibriom solid phases was

Source und Purity of Matorials:
Reagent grade urca, NH;H,PO, and (NH,),HPO; werc
recrystatlized before being used.

Estimated Error:

analytically, Nitrogen (total and ammoniacal) was determined
by the Kjeldahi method. Phosphate ions were precipitated as
NH,MEPO, - 6H,0 and the excess My was titrated

ome black 1 as indicator.

complexometically using erioc

The ibility of the crystallizaion was within
0.3 K. For the correlations see EXPERIMENTAL VALUES.

Components:
(1) Ammonium dihydragenphosphate; NH,H,PO,;
[7722-76-1)
(2) Diammonium hydrogenphosphate; (NH,),HPO,;
[7783-28-0]
(3) Urea; CHyN,0; [57-13-6]
(4) Water; H,0; [7732-18-5)

Original Measurements:
D. G. Ivanov, I. N. Grantscharov, God. Vissh. Khimikotekhnol.

Ins

Sofiya, 13, 153-68 (1968).

Variables:

Composition at 0°C and the ratio NHy/H;PO, = 1.7.

Prepared By:

J. Eysseltova

Experimental Data
Part 1. Solubility in the (NH,);HPO, NH;H,P0,~CO(NH,);~H,0 system at 0°C

Soln N,P* NP* urea H,0 N P,04 X Solid
no 100w, 100w, 100w, 100w, 100w; 100w, 100w, w,(N)w,(P,05) phase”
1 3283 1226 0.00 5491 8.46 25.21 33.67 172.98 A
2 29.73 11.10 454 54.63 9.76 284 32.60 12.34 A
3 26.55 991 9.12 54.42 11.08 2039 3147 171.84 A
4 23.60 881 13.89 53.70 12,57 1811 30,68 1144 A
5 2072 73 18.97 52.5% 14.18 15.88 30.06 a2 A
6 17.62 6.57 24.18 51.63 15.87 13.48 2935 110.85 A
7 14.66 547 30.20 49.67 17.84 11.23 29.07 1/0.63 B
8 1019 381 32.69 5331 17.83 785 2568 11044 B
9 6.54 244 35.92 55.10 18.49 4.99 2348 110.27 B
10 315 117 38.89 56.79 1897 246 2143 1013 B
*N,P=(NH,),HPO,; NP=NH,H,PO,.
®The solid phases are: A=(NH,),HPO,; B=CO(NH,),
The compiler has used the data above to calculaic the following molalities.
Soln (NH,),HPO, NH,H,PO, CO(NH,),
no mdmol ™! kg ! m/mol™! kg™ mfmol™! kg™'
| 4.52 1941 0.00
2 4.120 1766 138
3 3.693 158 279
4 3.327 143 4.307
5 2983 128 6.087
6 2584 [RH 7.798
7 2.234 v/ 1012
8 1.450 0.639 10.23
9 0.899 0.385 10.85
10 0.420 10,179 11.40

g€l
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Par 2 Commens and Addinonal Data.

The authors present sotkerms for 15 and 307 C,but onty in graphical loem, The authors also present the following equations to ex
et the PLOUN ratin

press the dependence of total plant Toud on both emperature

Components:
(1) Ammonium dibydrogenphiosphate: NH,H,PD, .
[7722-76-1]

(2) Diammonium hydrogenphasphate; (NH ), HPO,;
{7783-28-0]

(3) Urea: CHyN,0; [57-13-6]

(4) Water: H;0: [7732-1%-5)

Original Measurements:
1. N. Grantscharov, D. G. lvanov, God. Vissh. Khimikotekhnal
Inst., Sofija 18, 127-52 (1970).

N PO B PO/ s constanth 1]

NPO, o dPOUNT CEis comtam) |2

N0 e (POGNETIROUNT 3]

Fon sach ol the abose thiee elanonships. the cquilibrium solid phise s constant. The values of the constants are summarized in the

Fables below

Variables: Prepared By:
Mo rtio Values of the constants Temperature Composition at 273 K in a solution with a NHy/H,PO; ratio 1. Eysseltovi
PLOUN « b oo =19
208 RN 0.146 Experimental Data
AR 32,60 0.437 Part 1. The authors’ data
1 %4 347 043 Solubility values in the NH;H:PO, - (NH.), HPO,-CO(NH,) ;- H,0 system t 0 °C and a mol ratio NHy/H, PO, = 1.9
It RISXHY o.n7
12 30006 0.102 NH,H,PO, (N, );NPO, CO(NH,), H,0 N N+P0, Mass ratio Solid
0S 2038 0.094 100w, 100w, 100w, 100w, 100w, 160w, NIP,O, phase®
063 2907 0082
o o o 24n 2506 0.00 5154 776 240 267 N
e Juas o, 309 381 388 61.22 862 2193 17213 A
o s 5354 284 28.80 792 o0.44 10.18 27.38 171,69 A
2.50 2578 12.12 59.60 132 2683 11137 A
220 2260 16.54 58.66 1276 26.29 11106 A
Tempetatue Values of constants Muss ratio 183 1914 2098 58.05 1393 2549 1/0.83 A
¢ . d PLOJN 155 1596 2627 15.86 2538 VD60 A
120 12.36 3167 17.94 2525 110.42 A+B
" 2777 201 0.69-2.98 0.78 8.04 35.20 55.92 18.29 2308 10.26 8
I 2347 2.29 0.63-2.98 037 388 38.25 57.50 18.77 2102 140.12 B
20 2909 253 0.63-2.98
50 099 283 0.63-2.98 “The solid phascs are: A=(NH,),HPO,: B=CO(NH,),
o .24 14.44 0.10 0.60
" o 1500 0.10-0.52 Part 2. The compiler has used the above data to caleulate the following molalities
n .30 157 0:10-0.39 NH,H,PO, (NH,),HPO, COINH,),
mymol ' kg ! mymol”! kg ! mmol ™t kg !
Equilibrium Values of the constants,
solid phase ¢ f ¢ h 048 431 000
0.4 393 1.06
INH, 3 HPO, 2796 2010 0.099 0.382 0.41 361 2.1%
COINHL I, 1943 1445 0.292 0.072 0.36 328 339
033 292 469
Comment: Equations 111 and () deseribe the experimental data with  relative ermor of £0.5-L0%. For Eq. (3) the eror is = 1.5% 027 230 602
0.24 215 778
Auxiliary Information 0.19 17 9.63
0.12 1.09 10.50
Method / Apparatus / Procedure: Source and Purity of Materials: 0.06 51 11.08

Al experimental details have heen described carlier.! Reagent grade urca. NHyH,PO, and (NH,),HPO, were

reerystatlized before being used

Comments and Additivnal Datas
The authors present solubility polysherm and the isotherms at 15 and 30 °C in graphical form. In addition, they repurt the constants for

empirical equations describing the solubility in the system under consideration, These lincarizations are discussed in the Critical
Evaluation.

Estimated Error:
No information s given. For correlations see EXPERIMENTAL

VALUES. Tl auions Presci e TOHOWINg Cquations [ eXPress (e dependence of total plant 1000 on both temperature and the P203/N ratio.
N«PO=a+bT (POJN is constant) [ 1]

References:

5 elerences: N PyOq=c+dP;04N) (Tis constant)  [2)

D Goofvanoy and LN Grmicharov, God. Vissh.

S31H3S viva ALITIGN10S LSIN-OVdNl
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Khimikotekhnol. Inst. Sofiya 11,165 (1960)

NP0y = e+ [P,OJNI ¢ TP O/Nh
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The cipltbrium solid phase is constant in cach of the above three relationships. The values of the constants are summarized in the Table

below
Components: Original Measurements:
Mass ratio Values of the constants Temperature (1) Ammonium dihydrogenphosphate; NH,H,POy: D. G. Ivanov, I. N. G . God. Vissh. Kh Khnol,
PAOVN ! b < [7722-76-11 Inst.. Sofiva. 15. 159-70 (1968).
(2) Diammonium hydrogenphasphate: (NH,),HPO;
207 2841 0144 0-60 [7783-28-0)
213 2794 0.135 0-60 (3) Urea; CH,N,0: |57-13-6]
Lo 19 0.131 0-60 (4) Water; H,0: [7732-18-5]
137 2682 0.120 0-60
106 2679 0119 0-60 Variables: N Prepared by:
083 25.49 0.109 0-60 ‘Temperature and composition in solutions J. Eysseltova
060 25.47 0102 0-60 with a NIL/AIG POy rativ — 1.4 and 1.5,
0.26 23,05 0.256 0-19
w12 2102 0.260 0-40 Experimental Data
Data for some sections through the solubility polytherms at constant total salt concentration, and isotherms at 0, 15 and 30 °C arc
given in graphical form. The authors also give the following cquations expressing the dependence of total plant food on both
Temperature Values of constants Mass ratio temperare and the P,OyN ratio.
- ¢ d P,0y/N
N+P,05—a+bT (P,O5N) is constant Il The equilibrium solid phasc is constant
0 24.18 168 0.42-2.67 N+P,0,=c+d(P,0,N) (temperaturc is constant) 21 The equilibrium solid phase is constant
10 2518 1.85 0.50-2.67 N+P,05=a,+b (P,OsN) +¢,T+d, T(P,0sN) 3] The equilibrium solid phase is constant
20 W1 207 (L60-2.67 N+P.0«=e+ f(P20sN1 + ¢ T(P,O:NY" {4 The equilibrinm solid phace is conctant
30 27.19 219 0.60-2.67
10 2825 231 0.60-2.67 Equation (3) is used when the NHy/P;O5 ratio is 1.4; Eq. (4) is used when the ratio s 1.5
o 1933 13.60 0.10-0.40 Table 1. Constants for Eqs. (1)~(4)
I 21.66 15.60 0.10-0.33
Mass ratio Valucs of constants Temperature interval
Equilibrium Values of the constants P,045/N a b oC
salid phase ¢ f e h
mol ratio of NHy/H,PO, = 1.4
(NH,) HPO, 24.49 157 0.115 0226 3.62 3210 0271 0-50
274 3123 0263 0-60
210 30.30 0273 0-60
Comment: Equations (1) and (2) describe the experimental data with a relative error of +0.5-1.0. For Fq. (3) the eror is + 1.5%. 162 29.68 0283 0-55
Auxiliary Information 1.23 29.43 0.274 0-55
0.68 28.80 0.303 0-43
Method / Apparatus / Procedure: Source and Purity of Materials: 0.47 26.76 0.269 0-47
All cxperimental details have been described earlier.! Reagent grade urea, NH,H,PO, and (NH,),HPO, were 0.29 24.27 0.259 0-50
recrystallized before being used. 011 a7 052 o 55
mol ratio of NHy/H;PO, = 1.5
Fstimated Error: 337 3473 0325 0-40
No information is given. 258 33.59 0310 0-40
2.00 33.06 0.277 0-40
References: 155 3246 0.254 0-40
'D. tvanov, L. N. Gi God. Vissh. Khimil 1.19 12.29 0.199 25.40
Inst.. Sofiia 13. 165 (1966). 0.66 2569 0.289 s
0.45 26.08 0.284 0-35
0.28 2365 0275 0-40

0.13 2133 0.264 0-42

c9el
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Femperatare Values af the constants laterval of the
« ¢ d PLOWN ratio
0 ol NHJH PO, = 1
0 214 103 1.23-3.62
n oS 0.96 1.23-3.62
0 3340 Lo 1.23-3.62
30 .12 1.05 1.23-3.62
1 w71 Lio 123-302
1 204 1450 0.10-097
20 2495 14.51 0.10-0.90
i 2730 14.64 0.10-0.84
mot ratio of NHJHPO, - 1S
W MI8S [N} 1.18-3.3
10 232 165 0.98-3.37
0 M7 212 0.80-3.37
(0 35,33 282 0.66-337
" 19.53 1376 0.10-0.90
o 2200 14.33 0.10-0.90
0 2452 155 0.10-0.77
mol ratio of NHYH, PO, = |4
Equaditaum Values of constants
b phise O by IS d,
NELLRO, 2504 Loy 0.282 v.0as
COINIL, 19.80 1384 0.238 0.086
mal ratio of NH/HPO, - 1.5
Fquibbium Values of constants
ol phirse ¢ t 3 h
NGO, Wz [NES 0190 v.430
CONIL, 19.37 1448 0.298 0.065

Auxiliary Information

Methiod / Appa

Al experimental details have been described earlier.!

s / Provedure:

Source and Purity of Materials:
Reagent grade urea, NH,HPO, and (NH,),HPO, were
recrystatlized before being used.

Lstimated Error:

Eaquations (1) and (2) deseribe the data with a retative error of

References:

'D. G. Ivanov, 1. N. Grantscharov, God. Vissh. Khimikotckhnol
Inst.. Sofiya 13, 165 (1966).

Components: - Original Measurements:

(1) Ammonium dihydrogenphosphate; NH H PO, D. G. Ivanov, I. N. G . Gad. Vissh. Khimikotek
[7722-76-1] Inst., Sofija, 15, 227-43 (1970).

(2) Diammoenium hydrogenphosphate; (NH,),HPO,:

[7783-28-0]

(3) tirea; CHgN; 0; [57-13-6]

(4) Water; H,0: [7732-18-5}

Variables: Prepared By:
Composition at 273 K in a solution with & 1. Eysseltovi
NH,/H, PO, ratio = |6,

Experimental Data
Pact 1. The authors® data: Solubility values in the NH;H;PO,~(N1E;)HPO, ~CO(NH, )5~ Hy0 system at 0 C and a mol ratio NH/
H.PO, = 16

NH,H,PO, (NH,),HPO, CO(NH,), H0 N N+Py0 Mass ratio Solid

100w, 100w, 100w, 100w, 100, 100w, NP0, phase”
318 1811 0.00 50.71 B.82 3676 1:3.17 A
2819 13.36 495 50.50 10.27 35.53 1:2.46 A
25.29 14.69 999 50.03 11.80 34.48 1:1.92 A
22.34 1297 1513 49.56 13.36 3339 1150 A
19.49 1132 20.54 48.65 15.07 3255 1116 A
1622 937 25.64 4877 16.51 304 1:0.88 B
1240 721 2942 5097 17.29 2836 1:0.64 R
8.89 506 3280 5315 17.79 25.78 1:0.45 B
5.68 3.30 35.94 55.08 18.33 2347 1028 B
273 1.58 38.83 56.86 18.88 2135 1003 B

“The solid phases are: A~(NH,);HPO,; B=CO(NH,),

Part 2. The compiler has used the above data 1o calculate the following molalitics

NH,H,PO, (NH,);HPO, CO(NH,),
m/mol™! kg™ mitmol ™" kg~! mmol™! kg !
466 310 0.00
4.23 2.82 163
3.83 2.55 332
341 227 5.08
3.03 202 7.03
252 167 875
1.84 123 961
127 0.84 1028
0.78 0.52 10.86
0.36 0.24 11.37

Comments and Additional Data: The authors present the solubility isotherms at 15 and 30 °C only in graphical form. In addition, they
report the constants for equations describing the solubility in the system under consideration. These lincarizations are discussed in the
Critical Evaluation.

The authors present the foflowing equations to express the dependence of total plant fand on both temperature and the POy ratio.

N+P,05=a+bT (P,0yN i constant) ) The equilibrium solid phase is constant.
N+P,0,=c+d(P,04/N) (T is constant) ) The equilibrium solid phase is constant
N-+P,0s=e+f(P,04/N)+ g T(PO/N ©) The equilibrium solid phase is constant,

S31H3S viva ALNIENT0S LSIN-OvdnNl
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The values of the constants are summarized in the Table below

Mass o Values af the constants Temperature

Components: Original Measurements:
POUN a b ¢ (1) Ammonium dihydrogenphosphate: NH,H,PO,: I. M. Kaganskiy. A. M. Babenko, Zh. Prik. Khim. (Leningrad)
[7722 76 1) 43, 2421-3 (1970)
307 6,76 0154 0-45 (2) Diammanium hydrogenphosphate; (NH,);HPO,:
2o 3553 0.145 0-45 [7783-28-0]
La2 a8 (AR 0-45 (3) Urea: CHyN,0: [57-13-6]
150 EERU) 0.8 0-45 {4) Water: H;0;17732-18-5)
\ : 199 0-45
116 1258 o Variables: Prepared By:
004 236 0292 0-14 _ = Y
Temperature and concentration of urea in a mixture containing 1. Eysseltova
045 257x 0.291 0-25 WOl o Of NHyHR FOZANH ) HPU, = 1
008 2347 0276 0-35
ol 2.3 0.262 0-45
Experimental Data
Part L. Points of simaltancous crystaffization of twa o three solid phases in the NH,H,PO, ~(NH,),HPO, - CO(NH,),~H,0- sysiem
rerature Values of constants Mass ratio X
Fenmperiun s of constant y P“(‘) /N‘ Mixture® NH;H,PO,  (NH,),HPO, CO(NH,), H,0 Solid
¢ - ¢ e 100w, m,/mol kg~ " 100w," 100w,” 100w, m/mol kg™ *® 100w, Hec phases®
0 30.28 11-3.17
00 0.0 0.0 00 13 831 66.7 -108 A+B
10 30.96 0.80-3.17
712 0910 331 381 288 7.48 6408 —126 A+B
20 3120 0.60-3.17
- 150 205 70 20 5.0 604 0.0 — 140 AtB
0 e 043 3.17
19.2 278 89 103 42 712 56.6 -150 A+B
0 3199 369 0.30-3.17
. O10-1 04 2.8 4.05 125 143 19.0 5.84 54.2 -120 A+B
0 R -
28.5 4.37 133 152 180 5.60 -17 +B+C
0 17 0-10-0.52 0.6 451 142 164 138 413 ‘ZZ * HcL
0 16.71 0.10-0.52 - 2 " : - 14 At
- oo 010048 320 4.52 149 7.1 10.0 287 -106 A+C
o | ) 346 482 16.1 18.5 654 1.85 ~106 AtC
e 508 18.0 20.0 v 0 -8.6 A+C
Equilibium Values of the constants 315 521 147 168 19.0 6.39 ~6.4 B+C
solidt phase ¢ f e h 336 593 156 18.0 200 718 -25 B+C
35.55 6.704 16.5 19.00 210 . 454 +
(NH,) HIPO, i0.27 209 0.09 0436 36.0 6.94 168 192 215 :22 Zn BBCC
- .| . . .. . +C+D
O, 19.40 1414 0.308 0.086 -
(O, 61.0 12.8 284 326 0.0 0.0 39.0 c+D
Comment: Equations (1) and (2) deseribe the experimental data with a relative eror of £0.5-1.0%. For By (3) the error is +2.0%. 57.48 1229 26.7 30.72 42 18 345 C+D
) 49.77 10.29 22.89 26.28 106 445 25 C+D
Auxiliary Information 420 8.19 196 24 160 6.34 140 c+D
§ . N 340 6.76 15, 18.2 : .
Method / Apparatus / Procedure: Source and Purity of Materials: s e ‘Z ﬁ 8 248 10.0 13.0 B+D
Al sxporimenal details have been deseribed carlive, Reogent grade wea, NILILBPO, and (NIL),HPO; weic - 14.9 40 14.8 59 B+D
tecrystallized before heing used 219 5.50 120 149 30.5 122 18 B+D
240 5.17 12 128 380 16.6 280 B+D
Estimated Error:

No information is given.

References:
D Laney, LN O by, Gud. Vissh. K
Inst.. Sofija 13, 165 {1966).

o€l
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Parl 2. Solubitity isotherms i the NHGHL PO,

CNHLHPO, CONIELY, HLO system

Minture! NH,H, O, (NH ), HPO, COINH,), H0 (N4P,05)
10, o fmol kg 100w, 100w, 1K, mimol kg " 100w, 100m,
temp 10C
00 0.0 00 0.0 337 846 66.3 157
a0 0010 ARX} 372 304 8.08 62.64 19.3
145 2 6.80 770 27.2 777 58.3 235
23 s 1LY 125 20 6.71 54.6 275
k) 1K1 10 160 18 6.10 LI s1
WS 480 142 16.3 17.4 5.56 521 307
s 403 15.1 174 13.5 4.16 54.0 304
S0 490 16.3 w7 65 19 58.5 289
temp--0"C
0.0 00 0.0 0.0 39.6 109 60.4 18.4
6.3 0910 296 340 364 10.5 57.24 217
[N 208 0.2 72 330 103 53.6 25.3
RN a5t 0.1 1.5 280 9.25 504 290
a2 594 15.5 17.7 210 7.63 45.8 345
LRI 573 16.0 184 t6.4 5.55 49.2 332
W70 6.02 17.2 193 12.6 416 50.4 333
a0 6.08 19.8 28 0.0 0.0 574 364
temp=10C
000 0.00 040 0.00 454 13.8 54.6 212
576 [ 268 3.08 424 13.6 51.84 23.98
1224 1048 570 6.54 kiR 132 48.96 278
1o.x 181 9.2 106 340 122 462 3046
08 5933 14.47 16.61 26.0 10.1 42.92 350
] 6.08 16.0 18.4 234 9.2 422 364
iTo 739 i7.2 19.8 20 8.93 410 376
414 724 19.3 2.1 .72 4.163 46.88 36.1
S0 715 20.5 235 5.6 13 50.4 353
470 7.7 219 Al 0.0 0.0 53.0 5.0

*“Mixture™ 1s an equimolar mixture of NH,H,PO, and (NH,);HPO,
“These values were caleulated by the compiler.
ice; B=CONH)y: €

“The solid phases arc: A=

NH,H,PO,; D=(NH,),HPO,

Auxiliary Information

Method / Apparatus / Procedure:

An improved polythermic method was used.!

Source and Purity of Materials:

Reagent grade salts were recrystallized and dried before use. The
monoammonium salt and the vrea were dried at 50 °C, the
diammonium salt was dried al 25 °C. The material designated
“mixture’” was prepared hy mixing equnimolar amoants of
NH,H,PO; and (NH,);HPO; and homogenizing them by
grinding in a mortar.

Estimated Error:

No information is given.

References:
'L. N. Erayzer, I. M. Kaganskiy, Zavod. Lab. 1, 119 (1967).

Components:

(1) Ammonium dihydrogenphosphate: NH,H,PO,; [7722-76-1]
(2) Diammonium hydrogenphosphate; (NH,),HPO,; [7783-28-0)
(3) Urea; CH,N,0: [57-13-6]

(4) Potassium chiloride; KCI; [7747-40-7)

(5) Water; H,0; [7732-18-5]

Original Measurements:
A V. Stack, J. D. Hatlield, H. B. Shatfer, J. C. Driskell. 3. Agr.
Food Chem. 7. 404-% {1959).

Variables:

Temperatire and composition

Prepared By:

1 Eyccalinvi

Experimental Data
Solubility isotherms at 0 °C are given only graphically as contours of constant plant nutricnt content in the saturated solutions with
the nutrient ratios as the variables. Numerically, the data are expressed by Eq. (1)
v=atbt (1)
where y is the percent total plant nutrient (%N + %P,05+ % K,0) in the saturated solution al temperature 1(°C), and a and b are

for each combination of nutrient ratto and ammoniation level. These constants are given in the table below

mol ratio NHy/H,PO,

“The nutrient ratio is the weight ratio N:P,05:K,0. Symbol solid phase

"NH,H,PO,

S(NH,),HPO,

“CONH,); (1<108°C)
€(NH,),;HPO, (>~ 1.5 °C), urea crystallized below — 1.5 °C
{(NH,),HPO, (1>10.8°C)
ECO(NH,),

MCO(NH,), (£>20.0 °C)
ICO(NH,); (r<12.9°C)
J(NH,),HPO, (1>20.0 °C)
Y(NH,),HPO, (1>12.9°C)
"KCl

Nutrient 15 16 17 15 16 17 %
ratio® constant . constant b >
1-3-0 34.6" 36.9¢ 34.0° 0.342 0.141 0.1y 9
1-2-0 358" 347 3.0 0.244 0.123 0.419 =
1-1-0 7 31.8° 29.0° 0.241 0.082 0.119 n

346" 0.065 =

2-1-0 26.2¢ 261" 26.1' 0.283 0.281 0.262 [

30.34 286 0.071 0.070 9

1-3-1 312" 349° 321¢ 0.233 0.133 0.115 c

1-2-1 282 32.5m 313° 0.245 0.130 0.117 W

f-t-1m 25.9 276 279 0.156 0.155 0.131 -

2-1-27 25.2 252 25.2 0.118 0.121 0118 -

247 2438 45 0.138 0.135 0.139 j

27 26 26 0.124 0.134 0.129

20.0 19.9 200 0121 0.125 0.121 g

1.1 18.5 125 0.121 0.117 0.117 -
>
(72}
m
o)
m
(2]

Auniliary Information

Method / Apparatus / Procedure:
The solubility was dctcrmined by a polythermal method. The
solutions were cooled until crystailization occurred and then
warmad (2 °C per hour) with continuou
crystals disappeared. The crystalline phast
petrographically.

irring until the

were identified

Source and Purity of Materials:
All the saits used were reagent grade. The water was deionized.

Estimated Error:
The standard deviation of Eq. (1) from the measured values was
0.12% in plant nutrient.

S9€1



Components: Original Measurements: Components: al Measurements:
1 Ammoman divdrogenpliosphate: NHH PO, A V. Shack. ) DL Hatfield, 1. B. Shatfer. I C. Driskell, J. Agr. (1) Ammonium dihydrogenphosphate; NH HPO,: 1. M. Kaganskiy, A. M. Babenko. Izv. Obl. Neorg. Tekhnol.
1772270 1) Food Chem, 7. 404-8 (1959). [7722-76-1] 69-73 (1972).

121 D Ty el plite, (N HPO, (2) Diammonium hydrogenphosphate; (NH,),HPO,;

| 77%3 2%11| [7783-28-0]

| (3) Urea; CH,N,O: [57-13-6)
(4) Ammonium nitrate; NH,NO,; [6484-52-2]
(5) Water; H,0; [7732-18-5]

(O Uien, CHUNGOD[S7 1306
CEAmmonn mtrate. NHGNO G o485 2

031 Potasai chlondes KO [7747 40 7]
(6 Water, H.O {7732 18 5]
Variables: Prepared By:
Variables: Prepared By: Composition at 0 and =10 °C and the L. V. Chernykh and J. Eysschova

COMPONIIIE T 2710 K Wi e el s 3. Upmncltond NI PO, ratio = 1.4, 1S and 1.6,

COINH 1 /NHNO, 1068

Experimental Data
Experimental Data Past 1. The authors present their data as follows:

Solubihity fexpressed s N 1POLEKLO 1 the NHLHL PO, (NILYIPO, CONHLYL NHGNOL KCL-HZO system at 271.5 K with Composition of saturated solutions in the (NHy),Hy ,PO,~ COMNHZ),-NHNO H,0 system

e mol vt CONFLLANHNO - 1068

100w, N+ 100w, P10

99¢1

ISHHIA 'd "L ANV VAOLI3SSAI

Nutrent mol ratio NI/ PO, CO(NH,); : NH;NO; mass ratios
watio” 15 o 17 A B" 0:100 20:80 40:60 60:40 80:20 100:0
v nrr 320 A temp=0°C
N W . .
1o 3 ! J0.5 0.5 075 202 206 224 242 26.4 290
] B ”, 7.5 36.9 14 1.00 186 196 218 234 262 36
> 200" < 207
2 26,9 257 8.7 1.25 186 19.0 20.7 235 26.1 293
[ at EANE 3Ly
o 91 29.5 1 0.7 24.1 257 274 28.6 a6 355
i o ;
(I 208 07 243 1.5 1.00 22 229 25.1 281 305 320
Vo 61 - 16.5 16.5 195 219 22 247 270 wa 20
[ 28 246 243
1 27 23 n3 0.75 283 283 291 29.0 290 303
4 9
| 19.9 197 199 16 1.00 271 213 273 280 24 320
2w 18.1 18.3 18.3 125 26.1 267 200 25.7 21.7 294
e nuerent rat s the werght ratio NiP,O3 KO, . lemp = —10 (
Helow are listed the solid phases in equilibrium with the above solutions 075 no not 224 235 258
14 1.00 no® 19.2 210 23.2 284
Symbol solid phase 125 166 18.6 210 233 26
" NI, HLPO,
NP0, 078 211 235 245 260 281 130
‘ 15 1.00 19.8 204 25 253 21.7 288
KNO, 125 189 208 222 24.1 — 26.0
K1
0.75 24.1 237 244 244 243 254
Auxiliary Tnformation 1.6 1.00 224 224 226 234 236 287
— N - N 125 229 — 224 219
Methaed / Apvaratus / Procedure: Source and Purity of Materials; B sl
A seties of salutions of cach ratio, differing by small All the salts used were reagent grade. The water was deionized. %A is the mol ratio of NHy:

"B is the m:
“These systems sofidified completely at — 10 °C.

increments of water content, were cooled to = 1.5 °C, and ¢

solution (about S0 ml) was seeded with about 50 mg of Eistimated Error:
crystals. The mixtures were agitated mildly for about 3 days.
“The disappearance oF growth of erystals in the sampies in this

period permitted detesmination of the solubility,

The temperature was kept constant to within —1.5 = 0.7 °C. The
solubility was deiermined within 0.1 to 0.2% of the plant
nutrient.



Pait 2 The compilens have caleulated the followmg values hom the data i Part | Part 21 he comprieis have caleulaied e tolhos g vaties fom the dat w

o
NH,HLPO, (N HPO, NH,NO, COINH,), H,0 NH,H,PO, (NH,),HPO, NH,NO, COMNH, "0
100w, u’;,/mm he ! o, mtmol he ! o, mtmol g b 100w, ol ke, ! 100w, 100w, mmol kg ! 100w, m/mol kg ! 100w, m/mol kg ! 100w, mmol kg ! 100w,
wmp- 07 . femp = ~10°C
124 202 9.53 16 270 130 4.05 53.5
2 LA Ao 120 ol o2 0 v 131 215 100 144 6.06 1.44 182 575 527
14 182 876 122 2.4 147 399 12 143 251 1o 1.67 0 0 250 8.36 9.7
124 208 0.53 39 173 416 8.67 278 9.33 140 715 594 17.1 30 8.56 247 578
134 235 [ITRY 157 175 1l BN} 471 10.2 160 .82 1.07 12.5 2.8 4.1 4.2z RRE
147 o e 182 61 152 204 726 13 1.87 864 125 6.90 164 20.7 6.56 525
lod 1 124 s 0 0 1 107 131 273 106 182 0 0 317 120 44.0
v - oo P 176 ol o 0 717 Loa 54 0.692 7.2 5.65 0 [ 60.1
ot ™ L oo s 525 o L 726 1.03 5.5 0.690 20 451 413 113 610
804 1.20 6.15 0.799 18.3 391 9.15 2.61 58.4
1o 1 12 1% 194 66 072 A1 907 1.44 695 0.962 138 314 155 471 54.7
1 196 x71 4 119 345 157 318 101 1.69 771 113 7.64 185 29 7.38 5.7
1 230 ws 130 7.7 210 221 e 1z 203 #.60 135 0 0 320 11.04 482
154 154 X pRY] 0 0 35.2 15.6 9.77 171 1.2 17 293 738 0 0 9.7
N4 120 618 0343 0.5 6.8% o 0 109 247 125 207 2.1 7.3 489 178 457
$2 1.2% £.29 0852 ) 557 167 139 113 219 130 219 204 565 10.2 377 450
X [ 685 0967 20.4 474 0.2 316 120 241 138 144 4,14 16.2 6.20 435
a L s o 154 Voo 171 Sxs 13.0 277 149 7.79 238 234 9.53 409
) 163 404 175 0 0 M3 28
i 204 R 143 R.50 28 257 9.32 8.02 138 921 I 7.52 o 517
127 164 9.70 176 [} 0 30.0 144 827 139 949 25.6 6.18 481 S18
[ 2 128 22 SRR 9.80 " 0 9.12 1.63 10.5 212 545 10.6 363 48.6
"o 185 (K% 255 x5 850 535 219 10.3 202 118 15.9 449 179 674 442
(AN 280 146 286 ALY 739 [ 4.93 1.2 238 179 R0 265 2.1 10.6 11
N 01 1.2 Y04 159 5.4 179 7.86 nz 247 134 0 0 339 138 410
o 5o o s 877 127 0.1 a1 6.81 112 782 324 [ 0 53.0
Vo <l 1o i ) Y 09 21 749 130 8.60 25 5.35 1.80 50.0
yon - e o "o . o ) 8.00 143 918 2% 114 191 8.6
. 8.68 1.63 997 16.5 18.6 6.69 462
02 7 1 207 217 693 118 462 936 175 108 0 134 120 465
i 2,00 131 260 17.7 5.80 199 R0 80 893 194 154 15.8 0 0 99
124 REES) 142 jon DTS T Mm% 126 s Q.78 172 151 28.1 3.27 200 azs.1
1 Y] 149 127 0 0 377 8.2 344 9.04 1.84 156 217 109 422 @8
™ 140 %77 |40 901 0 0 473 9.04 176 156 14.5 163 6.08 446
PRt 166 963 166 9407 5.99 227 4.0 9.00 1.68 7.21 21.6 .72 67
X0 151 02 181 742 127 4.94 428 241 177 0 283 102 46.1
108 Ted 124 204 360 309 14.4 356 726 140 125 219 37 v 0 431
! 2 7.26 1.40 125 210 29.7 556 206 450
106 3 121 231 0 0 767 158 97 733 137 126 206 24 n2 403 464
0.5 A0 181 404 420 178 o 0 9.5 7.59 1.42 13.1 213 15.5 174 6.25 46.4
105 250 181 43 316 133 6.30 332 36 765 139 132 2.08 781 234 815 479
0.8 295 156 442 259 10.2 130 6.78 38 930 207 160 30 0 0 5.6 152 9.0
107 273 8.5 410 17.2 6.29 19.4 9.43 342 6.60 1.40 4 2.10 41.0 125 0 0 4Ll
07 g 185 e w60 206 258 s 33 6.46 121 1y 182 240 6.48 120 432 464
e e 0 0 ns S o A A e o
%79 245 15.1 367 149 180 0 0 312 741 i 127 21 b o s 127 i
BHS 233 15.2 50 6.2 137 678 342 330
¥.45 1w 15.2 3K 271 9.61 136 6.1 35.2
- Auxiliary Information
908 220 15.6 330 185 645 209 9.68 359
9.21 214 158 a2 9.40 315 282 126 373 Methad / Apparatie / Pracodurs: Source and Durity uf Matcsials.
10.4 282 179 422 0 0 397 207 An improved polythermic method was used.' All materials were of chemically pure grade.
752 199 130 299 467 178 0 0
7.09 Loy 13.2 298 38.2 14.2 717 354 Estimated Error:
749 173 129 2.59 279 9.24 140 6.16 No information is given.
741 1.5 128 237 18.4 S 207 846 40.8 Referenc
7.98 180 137 270 991 321 297 12.8 W6 rences: .
i o6 e Sos N o s s s 'L. N. Erayzer, I. M. Kaganskiy, Zavod. Lab. 1, 119 (1967).

S3IH3S V.1va ALITgNn10S 1SIN-Ovdni
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Auxiliary Information

Original Measurements:

111 Ammionivn dibydrogenphosphate: NEH, PO, S A. Mazunin, O. L. Sosnina. A. A. Volkov, T. L. Danina,
17722 76.1] Termicheshiy Analiz i Fazovye Rovnovesiya, Perm 79-88
€21 Diammonnun hydrogenphosphae: (NFL PO, (1985).

{7743 2801

(33 Foethy bamine hydrochlonde: Cobl CING [534-68.7]

1 Water: 1,00 [7732:18 5]

Components

Variahles: Prepared By:

i L. V. Chernyhh and 1. Eysscliovi

position at 20 and 60

Expertmental Dt
Solubility isotherms in the NHH;PO, - (NH,)HPO, - (CHg )N HCL H,0 system

NilH PO, (NH{ 1 HPO, (C,H5) NHC) H,0 Solid
i, ol kg 1n0w, m ool kg 100w, m/motkg " 100w, phase®
temp=20"C
12 0.2 0.04 560 9.90 426 A+B+C
N} 1o 0.5 465 7.0 49.4 A+B
57 30 041 363 497 550 A+R
164 e 161 167 229 55.0 A
9% 64 084 263 348 575 A
220 20 a7 ae " awn
T4 1.0 0.53 4.27 56.8 A"
ARV 264 43 4.3 071 45.6
Sx 33 0.45 3 478 55.6 A+BE
N .2 518 15 0.61 29
60 A7 0.50 M4 4.57 56.2 B
22y 20.4 506 a7 0.63 440
5.8 SR 074 w7 362 59.7 B
w2 2 A0 s an 171
AR 6.1 .80 28.0 352 59.9 B¢
A 287 441 49 075 49.3
7.0 124 154 19.8 245 60.8 4
123 284 349 8.1 B 545
9.2 210 273 1.5 149 58.3 B
temp=00C
1o 10 a3 0.06 606 13.0 351 A+B+C
240 428 9.1 14 15,1 279 LR B
1oy 293 a3 0.65 27 4.32 50.1 AC
w6 5.9 123 208 143 240 443
128 23 18 053 137 5.08 50.0 AS
1o ER 0.7 00 1 IRE) 09
v 18 22 0.34 9.5 6.14 485 A®
354 872 250 336 <3 092 353
8.1 15 16 0.26 445 1.2 458 Al
30 9.4 M5 6.50 34 0.77 332
135 It 0.20 499 8.%7 424 A+B*
340 985 334 B3 26 0.65 300
57 103 24 038 139 6.89 480 B¢
26.0 6RE a8z Tt 37 ngy Ad 1
B 077 41 0.58 319 536 533 B8
19.6 422 66 6.56 34 0.63 404
4.0 0.62 5.4 073 319 472 55.7 B
157 327 w6 701 4.0 0 47
24 0.35 88 [ 94 3.73 59.4 B
7.1 ) 378 543 60 092 49.1
- 19.0 2.37 204 254 60.6 B¢
358 50 10,1 141 54.1

“The molalities were caleulated by the compiters.
PThe solid phases are: A =NH,HLPO,: B=(NH( ) HPO,; C(CHON-HCL
“Pwo ayers of immiscible solutions were formed at these experimental points. The upper and Tower Tines refer to the upper and lower

solution fayer. respectively.

Method / Apparatus / Procedure:

The variation of the method was

used. The compilers assume that it was the method described

elsewhere.! NHyHPO, and (NH,),HPO, were determined by
utration. the ot the solid phase

was determined by the Schreinemaker’s method.

Source and Purity of Materials:

No information is given, bul the compiiers assume that the
materials were the same as those used in (2).

Estimated Error:

The NH,H,PO, and (NH,);HPU, contents have a precision of
20.2 and £0.6%, respectively.

References:

'E. F. Zhuravlev, A. D. Sheveleva. Zh. Neorg. Khim. 5, 2630
(1960).

“0. E. Sosnina, A. A. Volkov, Uch. Zap. Perm. Gos. Univ., Ser.
Khim. 289, 20 (1973)

89€L
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Componen

() Ammoiun diliydogenphosphiate: NH, PO,

772290 1)

21 Digmmonum hydrogenphosphate; (NH, PO,

17753 25.0]

A Ammonum witrate: NEGNO - [60484.5

) Waler, 1,0 [7732 15 3]

Original Measurements:

L. S, Skum, S. D, Fridman, Khim. Prom. (Moscow) 47, 588-9

(1971

Variables:

Compostion at 10170 C and a NP,OL o - |

Preparcd By:

1 Bysseliovi

Components

(1) Ammonium dihydrogenphosphate; NH,H,PO,;

[7722-76-1]

(2) Diammonium hydrogenphosphate: (NH,)HPO, 2

[7783-28-0]

(3) Ammonium nitrate; NH,NO; [6484-52-2]
(4) Potassium sulfate: K,S0,: [7778-80-5]

(5) Water; Hy0; [7732-18-5]

Original Measurements:
A.-M. Bahenko, A. M. Andrianov, Zh. Prikl. Khim. (Leningrad)
57, 1921-5 (1984),

Variables:
Te

and ¢

Solublity i the NH,HL PO, (NH 3, HPO, NHNO( HyO sysiem with the ratio N/P,O4 = 1

Experimental Data

NILNO, NH, H,PO, (NH, ), HPO, H,0 Solid
100, mdmol ke 100w, mJmal kg ' 100w, mimol kg 100w, phase
temp- 140°C
16.9 05 330 153 . . 19.20 NH,H,PO,
170 A0 0.5 14.7 390 1.64 18.00 NH,H,PO,
a2 65,2 2.3 29 s %71 10.00 NH,H,PO,
sa 137.2 4.7 429 152 230 500 NH,H,PO,
603 REXIY 240 703 16,1 406 300 NH,H,PO,
temp. 150 °C
too ey} 359 181 17.20 NH H,PO,
s 65,2 w7 249 6.89 10.00 NH,H,PO,
S 1327 277 482 18.5 5.00 NH,H,PO,
0.3 RERI] 275 .7 132 33 3.00 NH H, PO,
temp - 160°C
523 067 379 336 .- - 9.80 NH,H,PO,
s 03.2 327 284 510 267 10.00 NH;H, PO
S5 177 .2 54 8§70 125 500 NH H,PO,
56,3 23S 0.7 9.0 10.0 240 3.00 NH H,PO,
temp- 170°C
350 1347 39.9 680 - 5100 NH,H,PO,
551 137.7 i 045 280 M 5.00 NH,H,PO,
50.3 2344 54 102.6 530 174 3.00 NH,H PO,

Phe malalities were caleulated by the compiler.

vy Information

Method / Apparatus / Procedure:

A visual polythermie method was used. ™

Source and Purity of Materials:

No informmation is given,

nated Error:

No information is given

References:

'A. G. Bergman and N. P. Luzhnaya, Fiziko-khimicheskiye
Osnovy Trucheniya i Ispol zovaiya Solyanykl Mestorozhdeniy

Khlorid-sul' fanogo Tipa, Moscow, IAN SSSR (1951).
“S. . Fridman. N. N, Polyakov, L. S. Skum. and R. Ya.

Kinndasova, Khim. Prom. (Moscow) 46, 191 (1970).

of NH,NO, and K,S0; in a

mixture containing a mol ratio of NH,HyPO./(NH,),HPO,

Prepared Ry:
J. Eysseltova

Experimental Data

Part. 1. Points of simultancous crystallization of two or three slid phases in the NH,HyPO, - (NH,)oHPO, - NH,NO,-K;80, H,0
system
Mixture! NH;H,PO, {NH,),HPO, NH,NO, KaS0, H,0 Solid
C wh MP wh wh wh MmP wh M" wh phase®
-75 8.5 0.5 4.0 4.5 1.7 8.0 0.6 736 A+B
-0 132 08 6.1 7.1 29 50 0.4 66.6 At B
—6.0 17.7 i3 8.2 95 4.4 50 0.5 57.0 B+C
140 192 15 89 103 5.4 8.0 09 50.7 B+C
265 207 19 9.6 111 6.7 1.0 14 445 BiC
=118 16.7 11 78 89 38 0.0 0.0 64.0 A+B+C
0o 2.0 0.5 37 +3 1 150 1.1 9.7 B+D
145 122 08 57 6.5 14.0 29 12,6 12 61.2 B+D
200 163 13 76 8.7 18.7 44 125 14 525 BID
250 184 16 8.6 98 212 55 125 15 479 B+D
290 204 19 95 109 236 67 120 L6 44.0 B+C+D
-6 0.0 a0 0.0 0.0 0.0 0.0 6.5 04 935 A+D

=100w;,

“The solid phases arc: A =

M=m/mol kg ‘. Mas
B

o Mixtire™ s an oquimalar misture of NHgH DO, and (M113),11PO;.
W fractions of the ammonium phosphates and all molalities were calculated by the compilcs.

NH,NO,; C=NH,H,P0,; D=K,S80,.

S3IH3S viva ALMIANTOS 1SIN-Ovdnl
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Pait 2 Solubrlity isotherms in the NHH,PO; (NHy) sHPO, - NIENO, - KpSO, - HyO system

C Original Measurements:
5 Misture” NI HLPO, (NH PO, NHGNO, K80, 00 (1) Ammonium dihydrogenphosphate; NH,H,PO,: A. V. Stuck. J. D. Hatfield, H. B. Shaffer, J. C. Driskell, J. Agr
W W M w we M W M M [7722-76-1] Food Chem. 7. 404-8 (1959).
) Di i (NH,);HPO,;
wemp- - 5°C [7783-28-0)
190 %5 0.5 +0 4.5 98 17 3.6 0.7 731 (3) Ammonium nitrate; NH,NO,: [6484.52-2)
: (4) Potassium chloride; KC1, [7747-40-7}
oS 3 g 5 29 00 05 65.8
s 1 08 ol 70 15 (5) Water: Hy0: [7732-18-5)
204 1w 12 8.3 9.6 206 4.2 0.0 0.0 61.5
25w 176 1 X2 a4 203 45 52 05 569 Variables: Prepared Bv:
tenip -0 Composition at —1.5 °C ). Eyssehtovi
IR Hod 05 L) 45 9.6 17 0 0.8 720
N , 99 204 45 00 0.0 60.0 .
NN 18.6 [ 87 9. 1 I = 06 49 Experimental Data
2 2 b, . 4.9 29 3 1 . N .
26 =3 ax 6l 69 ! Solubility (expressed as %N + %Py04 + % K,0) in the NHH,PO,~(NH,),HPO, - NH,NO,~KCl- H,0 system at 2715 K
05 174 12 %1 9.3 0.2 45 6.0 0.6 56.4
temp-10"C Nutrient Mol ratio NHy/H; PO,
x50 125 0.8 5.4 6.7 144 29 10.5 10 62.6 ratio® s 16 7
n 0.2 1 9.4 108 244 52 0.0 0.0 56.5
0 16y 13 79 9.0 195 45 9.0 0.9 546 1 3-0 319 35.9¢ 3139
1-2-0 27.6° 30.5 29.3¢
S the fonat plant nutrient: (N P04 K0 4 S) -1-0 24,1¢ 272 2354
PeMintune s an equimolan mixture of NEGHPO, aud (N11,) HPO, ; " ;
W 00w, © M a/mol ke ' Muss fraction of the ammonium phosphates and all molalities were calculated by the compiler. 2-1-0 2|,5‘ 24.9 229
‘ i 1-3-1 30.5¢ 34.39 3y
b
Auxiliary Information t-2-1 23 237 245
- [ 16.1 15.7 16.1
Method / Apparatus / Procedure: Source and Purity of Materials: 2-1-2° 11 127 127
An nnproved polythermie method! was nsed Chemically pure or reagent grade salts were recrystallized twice 1.3 3¢ 249 243 243
and dvind a1 A0S0 70 The material desipnated “*mixture” was 1230 221 23 229
prepared by mixing equimolar amounts of NH;H,PO, and i . 153 15
(NH,),HPO, and homogenizing by grinding in a mortar. ) " - 5.
R penteng bY 2-1-6" 125 131 129
Estimated Error: “The nutrient ratio is the weight ratio N : P,05: K,0.
Precision of temperature measurement was * 0.4 K. Below are listed the solid phases in equilibrium with the solutions above.
Symbol solid phase
References: b KNO,
'Heayrer, LN, Kaganskiy, LM. Zavod. Lab. 1, 119 (1967). B NH,H,PO,
d (NH,),HPO,
e KCl

Auxiliary Information

Methud / Apparatus 7 Frucedurs;

A series of solutions of each ratio, differing by small
increments of water content, were cooled 10 — 1.5 °C, and each

solution (about 50 ml) was seeded with about 50 mg of

Source and Pustty of Mawerkuls:

All the salts used were reagent grade. The water was deionized.

Estimated Error:

crysials. The mizwics were agitawd mildly or about 3 days.

The disappearance or growth of crystals in the samples during

this period permitted determination of the solubility.

The temperature was kept constant to within —1.5%0.7 °C. The
solubility was determined within 0.1 to 0.2 of the plant nutrient.

1724
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Components

Original Measurements:

Part 2. Solubility isotherms in the NH,H PO, - (NH,),HPO, - KNOy ~ H;O system

) ) ixture? HPO H,0 Solid
(1) Aminonium dihydrogenphosphate: NHH PO A. M. Babenko, A. M. Andrianov, Zh. Neorg. Khim, 29, 2663-7 Mixture NH,H,PO, . (NH,);HPO, . KNO, . o olid
(772296 (1984) 100w, 100w, - 100w, g 100w, m 100w, phase
(2) Diammonium hydrogenphosphate; (NH, ) HPO, -
[7783-28-0] temp=—5°C
(3) Potassium nitrate; KNOy; [7757-79-1] 404 18.8 274 216 274 0 0 59.6 A
() Water: Hy0; [7732-18:5) 35 175 256 200 256 312 0.520 59.38 A
- —— 2766 12.88 1734 1478 1734 78 12 64.54 A
V\r"'""‘h" . o of KNO [ ) r;‘;’:\"“u“y' 183 85 10 98 10 8.5 I 72 A
emperature and concentration of KNO, in o mixture . Eysseliova
containing a mol ratio of NH H,POL/ANH),HPO, = | 316 s 210 21 270 60 1.1 6.4 B
temp=0°C
oerimental D 28 199 303 279 303 0 0 572 c
Experimental Data 390 182 21 208 2 305 0521 5795 c
Fart. 1. Puints of simultancous crystallization of two or three solid phases in the NHyH;PO, ~(NH,);HPO,~KNO; - H,0 system 73 127 73 ot ' 90 e r N
Mixture® NH,HPO, (NH,);HPO, KNO, H,0 Sotid ”‘-Oq 84 10 96 Lo 10.0 138 7’7-0 B
100w X “)(‘“‘ I'l‘" 100w X m," mﬂw, m'u 100w, e phase” 8.22 4.11 0.450 471 0.450 ts 1.47 .38 D
70 33 051 37 051 372 6.60 554 B
0 o o 0 0 100 110 90.0 -29 A+B temp=10°C
90 42 04 a8 04 100 2 810 —475 A+B 474 21 365 253 365 0 o 526 c
18.4 R.6 1.0 989 Lo 8.0 i 73.6 —6.75 A+B 419 195 3.07 24 3.07 29 0.52 55.2 C
279 13.0 1.73 149 1.73 7.0 11 65.1 —8.5 A+B 36.0 16.8 270 19.2 270 10.0 1.83 54.0 B
38.0 17.7 2,70 20.3 2,70 5.0 0.87 57.0 -2 A+B 26.1 122 L7 139 1.73 13.0 211 60.9 B
W05 19 331 26 33 100 200 9.5 1 B+C 17.1 80 10 9.1 10 145 210 68.4 B
430 20,0 405 230 4.05 140 322 43.0 345 B+C P = ol 8 TNFLHLPO, 4 (NH,),HPO,
3 5 99 1 S Y ~9, A+B+C ixture’” is an equimolar mixture of 4H, PO, and 14),] N
jod 1o.8 240 19:2 240 2 052 08 98 "The molalities were calculated by the compiler. The units are: mol kg™
e 10 251 0.6 2.54 o o o1.4 —%e Ave “The solla phases are: A = Ice; B = KNUy; C© = NH4HPO,; D = (NH,)HFO,.
6L0 284 6.33 326 633 0 O 39.0 39.0 C+D
625 291 744 334 7.44 35 102 340 435 c+D Auxitiary Information
“*Mixture™ iy an equimotar mixture of NHH,PO, and (NH,);HPO, Method / Apparatus / Procedure: Source and Purity of Materials:
MPhe 3 s were caleulatee . o (he - 1
_Fhe molalities were caleulated by the compiler. The units are: mol kg An improved visual polythermic method' was used. Chemically pure or reagent grade salts were recrystallized twice
The solid phases are: A = ice; B = KNOy; € = NHyH,PO,; D = (NH,),HPO. and dried 3 10.40 . e snaterin cesigmated ~mixture" s

prepared by mixing equimolar amounts of NH.H,PO, and
(NH,),HPO, and homogenizing by grinding in a moriar,

Estimated Error:
Precision of temperature measurement was = 0.4 K.

References:
'L. N. Erayzer, 1. M. Kaganskiy, LM. Zavod. Lab. L, 119 (1967).
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Part 2. Solubility isotherms in the NH;H,PO, - (NH,),HPO, -NaH,PO, - H,0 system

Components

(0 Anmonm diydrogeaphosphate; NH,H, PO,

(7722 76 1

123 Diammontun hydiogenphosphate: (NH, ) HPO,:

17783 25 1)

(1) Sodwin dibyciogenphosphate: NaH PO, [ 7558 80.7]

) Water, HLO: 771218 5)

al Measurements:

A. M. Babenho, T.A. Vorob'eva, Zh. Prikl. Khim (Leningrad)

49. 15026 (1976),

Variubles:
Temperature and concentration of Nall,PO, m a niixture
contamning a mol ratio ol NHHPOANIL) HPO,

Prepared By:
1. Eyselovi

Pan 1 Pomts of simmltancois aysiathzaton of two or thiee safid phases in the NH,H PO, -(NH,) HPO, - NaH, PO,

Experimental Data

H0 system

Misture® NI, PO, (NH,):HPO, NaH PO, Solid
10 R [T Wow? 10w, e e phase”
Wit 284 1797 2004 [ ) -o.0 AtC
20 2 1400 17.10 6% 092 -84 A+C
204 129 9.50 10.90 1592 208 -84 AiC
9% 063 4.56 5.4 27.00 357 -9.4 A+C
s LAS 989 1.6 15.0 196 - 8.0 A1C
10,0 K 745 8.55 200 260 -9.0 A+C
68 045 316 163 320 436 Lo AlC
0.0 043 2 an 316 555 +05 A+B+C
[} on [ 00 335 420 88 A+B
24 017 142 1.8 0.0 5.79 -12.0 A+B
so 0.t 172 13w o X 19 Rac
N0 0.70 372 428 46.0 333 252 B+C
98 090 4.56 524 48708 9.78 5.0 B+C+D
6L 03 28.40 3200 00 0.0 390 Cc+D
0.0 572 2993 44 0.92 45.6 C+D
0 407 25.65 104 208 483 C+D
0.0 128 19.24 192 357 446 C+D
2.0 262 1490 288 5.55 50.3 C+D
40 227 1283 132 6.46 56.0 CtD
200 202 10.69 40.0 8.33 55.0 C+b
200 220 1069 9.78 670 C+D
0.0 0.6 0.0 10.60 402 B+E
18 017 096 55.0 10.61 435 B+E
475 045 2.54 525 10.23 46.0 BHE
EX 082 4.28 5244 11.04 420 D+E
8.0 0.8% 428 55.2 1250 50.5 D+E
89 1.O% 476 55.5 1299 49 D+E+F
0.0 0.0 0.0 60.8 1292 572 E+F
16 017 0.86 60.0 13.02 59.8 E+F
4.2 045 2.24 580 12,78 635 E+F
1125 1.35 6.01 §5.0 13.58 68.4 E'F

Mixture® NH,H,PO, (NH,);HPO, NaH, PO, H,0 (N+P,05)
100w; me 100w, 100w, 100w, me 100w, 100w,
temp= -5 °C -
00 00 0.0 00 354 456 64.6 200
67 0.45 312 358 30 456 603 25
120 0.79 5.59 641 2.4 357 616 245
2392 0.7 Lu 128 40.2 5.83 57408 255
20 143 10.24 1176 156 208 624 25.6
334 225 1555 17.85 6.66 092 59.94 B8
402 272 1871 2148 0.0 0.0 59.8 299
temp=0°C

0.0 00 00 00 376 502 624 2.1
140 094 6.51 7.48 258 357 60.2 255

6.58 045 3.06 3.52 342 481 59.22 262
238 017 L 127 4187 6.26 55.87 264
244 163 1136 13.04 15.12 208 60.48 27.1
RAX:) 2.z 13.04 17.90 6.04 uYZz .76 28.98
426 300 19.83 277 0.0 0.0 574 316

temp=10°C

0.0 00 0.0 0.0 422 6.08 578 250
638 045 297 341 362 525 57.42 2624
190 136 8385 10.15 243 357 56.7 28.63
29.0 206 13.50 15.50 14.18 208 56.72 299
228 017 1.06 122 4 7.05 52992 2829
40.0 300 18.62 2138 60 092 540 3336
470 3.59 21.88 25.12 0.0 0.0 53.0 350

SMixtare™ is an equimolar mixture of NH,H,PO and (NH,);HPO,.

PIhese valucs were calculated by the compiler.
“The molalities were calculated by the compiler. The units are: mo} kg
“The solid phases are: A

: B = NaH,PO,-2H,0;

NHyH:PO; D = (NH.);HPO,; E = NaH,PO,-Hy0:

'

= NaH,PO,

Auiliary lnformation

Method / Apparatus / Procedure:

An improved polythermic method' was used.

Source and Purity of Materials:

Reagent grade salts were recrystallized and dricd. The
ammonium salts were dried at 40-50 °C. The sodium salt was
dried at 105°C. The material designated “‘mixture” was
prepared hy mixing equimalar amannts af NH,H,PO), and
(NH,);HPO, and homogenizing them by grinding in a mortar.

Estimated Error:
N information is given.

References:
'L. N. Erayzer, I. M. Kaganskiy, Zavod. Lab. 1, 119 (1967).
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Components Evaluator:
£10 Ammoniun dibsdrogenphosphaie: NI H PO
{7722 701}

120 Didmmonium hydiogenphosphate; (NE PO,
(778328 0

131 Patassivm ullate
1) Water: H,0,{7

Eysseltovi. Charles University, Prague, Crech Republic
ptember (995

K50, [7775.80-5
2 1x.5]

Components

(1) Ammonium dihydrogenphosphate; NH H; PO,
[7722.76-1]

{2) Dismmonium hydrogenphosphate; (NHy);HPO,:
[7783-28.0]

(3) Potassium sulfate; K,SO,; (7778-80-5]

(4) Water: H,0; (7732-18-5}

Original Measurements:

L N. Tishchenko, A. G. Kuznetsova, VINITI-2594, 12 p. (1981),

Critical Evaluation:

6.2. Solubility in the NH,H_PO,—(NH,),HPO,-K . S0,—H. 0O System

Uhere are two reports™ that give data for the NI H,PO, - (NHg) sHPO, - Ko$O4- H,0 system. One article? reports the
compusition of solutions that are sawrated simultancously with two or three solid phases, and have the molar ratio of N/P = 1.5
The temperature tange of 262 1% K is covered. Isotherms at 268, 273 and 283 K are also given. The other article! reports the
contents of N, Py0O, and K40 in solutions saturated at 273 K by unspecified xolid phase(s). The evaluator has found that the molar
ratio of NJP in these solutions s very dlose to 1.3, Therefore, no direct comparison of the data in these two articles can be made.
Farthermore, 1 cach of these articles there are statements that raise questions. In the work of Tishchenko and Kuznetsova' the
time allowed for cquitibration was rather short and the attainment of eq was ot i . Babenko and
Andranov® reported the crystall of i and potassium sulfate, This is surprising in view of
the well knowan ability of ammoniurm and potassium phosphates 1 form so-called B-solid solutions.>? Further doubt about the
composition of the salid phase is cast by the work of Fokina'® who observed these solid solutions formed hetween ammonium and
Putassivm diydrogenphosphates i her sudy of the NHH,PO,-H PO, - Ky$0O,- HyO system.

Thus. more experimental work needs (o he reported for the NHH;PO; (NHL) HPO, - K1 SO, - H,0 system before solubility
data for this systent can be conssdered as recommended values

References:

"N Tashehenko, A, G. Kuseisova, VINITT 2594 (1981), 12 p.

A M. Babenho, A. M. Andrianov. Zh. Neorg. Khim. 29, 2663 (1984).

P Askenany, F. Nesster, 7. Anorg. Chem. 189, 305 (1930}

NS Dombrovskaya, A. Y. Zvorykin, Kaliy 2. 24 (1937).

ALY Fvoryhin, V. Gl Kuenetsov, v, AN SR, Ser. Khim. [95 (1938).

D1 Kusnetsov, A, A, Koshukhovskiy. F. B, Borovaya, Zh. Prikl, Khim. (Leningead) 21, 1278 (1948)

A G. Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh. Nearg. Khim. 17, 3368 (1972),

"Ya. S. Shenkin. S. A. Ruchnova, N. A. Radionova, Zh, Neorg. Khim. 17, 3368 (1972)

IAL P Solovev Balashova, N. A, Verendyakina, L. F. Zyuzina, Vzaimodeistvie Khioridov Katiya, Magmya Ammoniya s
ikh Niteatami ¢ Fosfatami 3 (1977},

"". N Fokina. E. N. Kernishina, P. P. Kim, Tekhnologiya Mineral aykh Udobreniy {Leningrad) 63 (1977)

Variables:
Composition at 0 °C.

Prepared By:
1. Eysseltova

Experimental Data
Solubility in the (NH,);HPO,— NH,H,PO,~K,50,~Hy0 system at 0 °C

Original mixture

Equilibrium Yiquid phase

Soln N P,05 K,0 N P,0; K0
o 100w, 100w, 100w, 100w, 100w, 100w,
[ 631 21.40 9.00 675 2196 381
2 698 23.07 9.00 7.66 2335 362
3 665 20.72 900 702 2192 383
4 652 2204 9.00 699 2378 419
5 6.81 2298 9.00 753 2495 358
6 7.35 24.92 9.00 7.98 2600 400
7 8.50 2875 9.00 852 26.57 388
8 947 3358 9.00 828 27 360
9 8.42 2761 9.00 8.03 25.88 3.60
10 9.73 3188 9.00 835 26.78 301
u 7.39 23.10 9.00 8.05 2544 323
63 $53 21.32 9.00 8.25 27.48 3.58
13 995 31.03 9.00 8.32 27.40 370
1 1080 32.99 9.00 8.26 2697 352

Auniliary Information

Method / Apparatus / Procedure:

K,SO, was added 10 50 g of a soln saturated with ammonium

ora ion of proper overall

The

equilibrium vessels were thermostated in an ice-water bath for

4 hrs. The equilibrium liquid phase was analyzed for NH, *,
PO and K*.1

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:

'M. M. Vimnik, L. N. Erbanova, et al. Metody Analiza

Fosfatnogo Syrya, Moscow (1975).
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Part 2. Solubility isotherms in the NH,H,PO,—(NH,),HPO, - K,SO, ~H,0 system

Components Original Measurements:

(1 Ammonmm dibydrogenphosphate: NEGH, PO, : A. M. Bubenko, A. M. Andrianov, Zh. Neorg. Khim. 29, 26637
[7722.76 1] 1984,

12) Disnmonium hydiogenphosphates (NH,) HPO

778328 0]

(1) Potassium sulfate; K,SO,: {7778 80-5}
(4 Water: 1,0: [7732.18-5}

v

fables: Prepared By:
Femperature and coneentiation of K80, in a mixture 1. Eyssehtovd
o ol vt of NHLBOONTL) 1100, - 3

Experimental Data

Part. € Pomts of simaltancous crystallization of two o three solid phases in the NHH,PO, - (NH, ), HPO, - K804 1,0 system

Mixture N, HLPO, (NI PO, K,S0, H,0 Solid
10th, 100w, m" 100w, mp 100w, m 100w, 7 phase®
i} o 0 0 0 6.5 040 935 -~ 16 A+B
9.0 42 045 18 .45 10.0 0.71 810 -40 A+B
1806 ¥4 Lot 9.6 Lo 9.7 0.77 7224 -6.0 A+B
213 127 173 146 1.73 9.0 081 637 9.0 A+B
32 15.0 28 172 28 8.0 077 59.8 -103 A+B
4185 19,48 3 22.37 330 7.0 0.79 5115 1.0 B+C
0.5 206 a.08 29 105 7.0 0.86 46.5 180 B+C
is6 150 254 206 254 0 0 6.4 8.6 A+C
00 10% 240 19.2 240 12 0.30 60.8 -9.1 A+B+C
oLo 2.4 6.33 326 6.33 0 0 0.0 300 C+n
022 200 7.0y 332 719 28 0.46 350 45.0 C+D

i an equimola mixtuee of NHH,PO, and (NH,) HPO,
plaities were caleufated by the compiler, The units are: mol kg,
SThe salid phases wes A e B - KGS040 C 5 NHELPOR D < (NH)SHPO,

Mixture* NH,H,PO, (NH,),HPO, K,S0, H,0 Sotid
100w, 100w, mimolkg™' " 100w, m/mol kg ' 100w, midmol kg ' " 100w, phase®
temp= -5°C
404 188 274 216 274 0 0 59.6 A
370 172 250 19.8 2.50 115 0.30 59.85 A
3202 14.91 2179 17.11 2179 85 082 59.48 B
27.2 127 173 145 173 9.2 0.83 63.6 B
18.06 841 101 9.65 101 9.7 0.77 7224 B
temp=09C
423 199 303 229 303 0 0 572 c
85 179 267 20.6 2.67 3.07 0301 58.43 C
3185 14.83 2179 17.02 2179 9.0 0.87 59.15 B
27.12 1263 1.724 14.49 1.734 96 0.87 63.28 B
17.96 8361 1011 9.599 1011 0.2 0815 71.84 B
8.96 417 0450 479 0.450 104 0.740 80.64 B
temp— 10 °C
474 3.65 3.65 0 0 526 c
415 3.02 3.02 2925 0.3020 55.575 c
31.64 2179 2179 9a noa 58.76 B
2691 1734 1734 103 0.941 62.79 B
17.8 101 951 101 1.0 0.887 71.2 B
888 413 0.450 475 0.450 1.2 0.804 79.92 B

**Mixture*" is an equimolar mixture of NH,H,PO, and (NH,),;HPO,.
"These values were calculated by the compiler. The unit are: mol kg™!
“The solid phases are: A = ice; B = K,S0,; C ~ NHyH,PO,: D = (NH, ), HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
An improved visual polythermic method' was used.

Source and Purity of Materials:

Chemically pure or reagent grade salts were recrystallized twice
and dried at 30-40 °C. The material designated “mixture’ was
preparcd by mixing equimolar amounts of NH,H,PO, and

(NH,);HPO, and homogenizing by grinding in a mortar

Estimated Error:

Precision of temperature measurement was + 0.4 K.

References;

'L.N. Erayzer, LM. Kaganskiy, Zavod. Lab. 1, 119 (1967)
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Pait 2 Sl vathenns s the NILTUFO, 0N 00, kS 0, 1 e

Components Original Measurements: Mixture! NH, H;PO, . (NH);HPO, N . hw s
{1 Ammonum dihy diogenphosphates NH, PO, A. M. Babenko, A. M. Andrianov, Zh. Nearg, Khim. 29, 2663.7 100w, 100w, m/mol kg 100w, m,fmol kg 100w, m/mol kg 100, phase
2190 (1984,
‘(Z?Al;w.jx(nnl\llmlum Dydrogenphosphiie: (NH 0, HPO, temp==10°C
[77%3 2% 0} 28.0 13.0 175 150 175 7.2 0.5% 64.8 A
40 Patassum thiosultate: K800 [ 10294 66-3] 210 9.8 13 1.2 134 158 131 632 A
G Water: 1,0: 7732 18 5] 1536 715 101 8.21 101 232 1.98 6144 A
69 32 0.45 37 045 3L0 262 62.1 A
Variables: Prepared By: 250 1o 193 134 193 2.5 225 525 C
Temperae aud concentration of Ky$,0 1 a mixture 1. Eysschovi 1596 . o, o1 oy on s s c
contatmng a mol st of NHTLPOJNH ) HPO, =
¢ 1.0 5.1 10 59 Lo 44.5 525 445 c
36.4 16.9 257 19.5 257 6.30 0.584 57.24 D
6.3. Other Systems 326 152 244 114 244 134 130 540 D
Experimental Data 90 42 080 48 0.80 455 5.25 455 B
Part. 1. Peints of simmltancous cystallization of two or three solid phases in the NH;HaPO, - (NHQ) 3 HPO, - K2 $,0,- Hy0 system o o o N o 550 oo 450 s
Mistuie NH,H. PO, (NH, 1, HPO, 5 H,0 Solid 126 i '“'“"2"3 c - 2o s A
otk 00w, " 100w, m" 1000w, mr 100w, we phase® g g . e e RAN
i ' ' 0.7 173 173 230 224 539 A
0 0 0 o 0 520 480 =215 ArB 1.7 276 276 62 0.58 558 D
a0 2.3 045 27 045 50.0 45.0 -206 A+B 15.6 2.56 2.56 132 1.30 532 D
.2 5.2 104 6.0 1o 440 448 ~225 A+C 8.74 L73 1.734 374 448 4382 <
100 74 13 %6 13 336 504 -27.5 A+C 5.1 10 10 45.0 537 44.0 C
19.2 %o 17 10.3 173 36.0 48 216 A+C 9.4 44 0.84 5.0 0.84 453 5.25 45.3 [¢
24 1.2 (5 128 183 28 53.2 -15.4 A+C 4.8 22 044 26 0.44 512 6.11 44.0 B
N0 17 0.0 43 069 450 4.0 ~23.0 A+B+C 0 0 0 0 0 574 7.08 426 B
I () SNE 14.0 208 220 507 - 17.0 A+CH+D temp—10°C
Wo 2 g 264 114 0 0 614 “s6 AID 294 137 241 157 241 2118 225 49.42 c
00 165 253 19.2 253 6.4 0.5% 576 13.0 A+D 18.0 &4 ] 9.6 15 328 3.50 492 (o}
2.0 140 2. 7.1 238 136 131 544 —142 A+D 10.96 510 101 5.86 101 45.2 5.42 4384 C
610 200 6 36 6.33 0 0 9.0 39.0 C4D 4.82 224 0.450 258 0.450 518 6.27 43.38 B
470 2y 405 2501 405 6.0 0.67 47.0 19.0 Cc+D 0 0 0 0 0 60.0 7.8% 40.0 B
.12 fox2 23 19.30 2931 1o 147 088 100 c+D MIWIET 15 an equimolar mixiure of NH;H,PO, and (NH,),HPO,.
58 1081 i 2 e 78 079 49.95 100 €+D "These values were calculated by the compiler, The units are mol kg .
06 31 064 35 o6 sy 6422 4208 -0 B+C “The solid phases arc: A = ico: B = K,8;0,: C = NH;H,PO,: D = (NH,),HPO,.
5.0 23 053 27 4.53 570 7.88 380 120 B+C

“Mixture™ i an equimolar misture of NHH;PO, and (NH),HPO,

“The mofalities were caleulated by the compiler. The units are mol kg
25,006 €= NHGH,PO,: D= (NH,),HPO,

FThe sohd phases arer A - jee; B = K

Auxiliary Information

Methed / Apparatus / Procedure:
An improved visual polythermic method' used.

Source and Purity of Materials:

Chemically pure or reagent grade salts were recrystallized twice

and dried at 30°C. The material designated ““mirture” was
prepared by mixing equimolar amounts of NH,H,PO, and

(NH,);HPO, and homogen
m thiowlfate {p,

Poia

twice and dried at 105 °C.

Estimated Error:

Precision of temperature measurement was + 0.4 K.

References:

zing by grinding in a mortar.
60044 70) wan reeryatallized

"N Frayser. 1M Kaganekiy, Zuvod. Lab. 1, 119 (1967)
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Components Evaluator:
11 Ammonam dihydrogenphosphate; NHyH PO, J. Eysseltovd, Charles University, Prague, Czech Republic
{7722.76.1 September 1995

(2) Ureas CHN,O; [57-13-6]
£3) Water: 14,0: [7732-1%-5]

‘Components

(1) Ammonium dihydrogenphosphate; NH,H,PO,;

[7722-76-1]
(2) Urea; CH,N,0; [57-13-6}
(3) Water; H,0; [7732-18-5]

Original Measurements:
V. P. Blidin, Zh. Obshch. Khim. 11, 887-90 (1941).

Critical Evaluation:
7.1. NH H,PO,-Urea-H,0

Seven wrticles report solubitity data in the NHH PO, -urea-H, 0 system.! " Four of these anticles'*7 present data on solutions
1 cqulibrum with several solid phases. Two of these articles'? also contain sets of isotherms, The rest of the data~® deal with
the solubility atong sections having constant NAP,O5 ratios. The data of Blidin' are scattered and the description of the solid
phases a1 25 “C is not convincing, In fact, a reasonable phase diagram, Figare 13, can be consiructed only if based on the data of
Palean™" and Polyahov. et al.® Then. wo. v and »-lorms of urea are reported for solutions having higher urea contents and at
higher temperatures™ and a B-lorm of NHgH: PO, is mentioned by others.* However, such polymorphs seem to be inconsistent
with the houndaries of the crystallizotion liclds in the phase diagram. Therefore, any evaluation must await further investigation of
the solubilsty of the polymorphs. Furthermore, the solubility polytherm on sections haviag a constant N/P,Os ratio reported by
Sashaey, ¢t al.” and hy Palyakov, et al.® ditfer substantially from each other. Once again, further independent data are nceded
hefore any evaluation can he made. The heavy lines in Figure 13, below, represent phase equilibria while the lighter lines
tepresent isotherms at the temperatures indicaied.

Kummel and Fahst® studicd the closely refated NH,H,PO,- COUNHL), -H PO, - HyO system.

'V, P. Blidin, Zh, Obsheh. Khim, 11, 857 (1941),
VA, Polosing A. G, Treshchoy, Tav. Timiryazevsk. S.-kh. Akad. 2, 203 (1953).

VoA Polosing A, G Treshehav, Zh. Fiz, Khim. 27, 57 (1953).

AL G Bergman, LV, Opredelenkova, Zh. Prikl. Khum. (Leningrad) 40, 1835 (1967)

SALN. Sarhiey, B, V. Polyakov. M. E. Tyunina, Z. A. Polyakova, A. Kh. Ruchkova, Khim. Prom. (Moscow) 48, 437 (1967).
I, V. Polyakos, Lo L Mart yanova, A. N. Sarbaev. Zh. Prikl. Khim (Leningrad) 47, 1507 (1974).

'A. N Sarhaev. E. V. Polyakov, 7. A. Polyakova, A. Kb, Ruchkova, M. F. Tyunina, L. 1. Gushchina, L. 1. MarCyanova, Khim.
Prom. (Moscow) S0, 516 (1974).

MR, Kummel, R Fabal, 7. Anorg. Allg. Chem. 402, 305 (1973),
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FIG. 13. Solubility in the NHH,PO, - urea-H,0 system

Variables:
Temperature and composition.

Prepared By:

L. V. Chernykh and J. Eysseliovd

Experimental Data
Solubility isotherms in the NHyH,PO,~CO(NH,);~H,0 system

NH,H,PO, CO(NHy), H,0
100w, m/mol kg™'? 100w, mydmol kg™'* 100w,
temp=-10°C
145 18 17.2 42 68.3
144 21 25.5 60.1
10.1 15 328 57.1
0 10 325 60.5
1710 22 16.2 66.7
184 22 7.8 738
162 24 25.0 58.8
149 25 340 511
9.6 16 378 526
89 14 312 539
185 25 16.1 65.4
19.6 24 8.0 724
17.9 28 260 56.1
15.8 27 339 50.3
120 22 40.9 471
6.0 10 40.1 539
212 29 158 63.0
226 238 79 69.5
20.1 3 240 559
168 32 373 459
18.1 32 33.0 489
52 09 459 489
8.1 1.5 455 46.4
12 22 45.1 437
251 36 150 59.9
263 34 74 661
240 39 28 532
19.1 37 36.0 49
216 40 313 411
a8 10 516 436
73 L3 0.3 422
102 22 495 403

Solid phases

NH,H,PO;
NH,H,PO,
a-CO(NH,),
a-CO(NH, ),

NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
CONH,)
a-CO(NH,),

NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,

a-CO(NHy),

a-CO(NH,),

NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,P0,

a-CO(NH,),

a-CO(NH,),

@-CO(NH,),

@-CO(NH,), +B-CO(NH,),
@-CO(NH3), +B-CO(NH,);
a-CO(NH,), +B-CO(NH,),

*The molality values were calculated by the compilers.

Auiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.

Source and Purity of Materials:

No information is given.

Estimated Error:
No information is given.
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‘Components

(1) Ammoniom dihydrogenphosphate; NH,H,PO4;

[7722-76-1]
(2) Urea; CH,N,0; [57-13-6]
(3) Water; H0; [7732-18-5]

Original Measurements:
V. A. Polosin, A. G. Treshchov, Izv. Timiryazevsk. S.-kh. Akad.
2, 203-20 (1953).

Variables:

Composition and temperature.

Prepared By:

L.V. Chernykh and J. Eysseltovd

Solubility isotherms in the NH,H,PO,~CO(NH,);~H,0 system

Experimeutal Data

CO(NH); NH,H,PO, H0
Comp* 100w; myfmol kg™'® Comp® 100w; m/mol kg™ 100w; Solid phase
temp=—10°C

100 29.70 7.03 0.0 0.0 0.00 70.30 ice
93.19 24.82 56 681 3.48 0.42 7170 ice
9478 2158 506 1522 742 091 7100 ice
8374 2120 498 16.26 798 098 7082 ice
73.93 17.62 416 26.07 11.90 141 T0.48 ice
7292 17.40 4.13 27.08 12.39 153 7021 ice
7107 17.30 416 2893 13.50 170 69.20 NH,H,PO,
79.24 26.07 7.14 2076 13.10 1.87 60.83 NH,H,PO,
84.18 319> v.12 13.22 10.83 L4 37.00 a-CO(NH,),
8552 3160 905 1448 10.26 153 58.14 «-CO(NH,),
90.24 3260 895 9.76 674 097 §0.66 @-CO(NH),
93.19 3289 376 6381 4561 064 6250 @-CONHy),

100 33.60 843 00 0.00 0.00 66.40 «-CO(NH,),

temp=0"°C

— 0.00 0.00 100 1870 2.00 81.30 NH,H,PO,
47.29 0.24 1.85 5271 17.60 2,06 74.16 MILILPO,
61.47 13.97 336 3853 16.78 2.1 69.25 NH{H,PO,
65.98 1670 416 34.02 16.50 215 66.80 NH,H,PO,
69.23 19.00 488 3077 1620 217 64.80 NH,H,PO,
7623 2544 714 2377 15.20 223 5936 NH,H,PO,
83.44 3472 1110 16.56 13.20 2.20 5208 NHH,PO,
8478 3638 1185 1522 1252 213 51.10 a-CO(NHy),
86.08 36.70 11.77 13.94 1139 191 5191 @-CO(NH,),
88.42 37.40 11.70 11.58 9.39 1.53 5321 a-CO(NH,),
9231 3850 1158 7.59 615 097 5535 «-CO(NH,),
93.19 38.60 1148 681 5.40 0.4 56.00 «-CO(NH,),

100 40.00 1110 - 0.00 0.00 60.00 a-CO(NH),

temp=25 °C
00 0.00 0.00 100 29.05 3.56 7095 NH,H,PO,

3437 732 185 65.63 26.80 354 65.88 NH,H,PO,
55.03 15.23 416 4497 2385 3.40 60.92 NH,H,PO,
68.91 2382 714 3109 2060 322 55.58 NH,H,PO,
7751 32.72 1110 2249 1820 322 4908 NH,H,FO,
83.42 42.00 16.65 16.58 1600 331 4200 NH,R,PO;
8478 45.10 19.06 15.22 15.50 342 3940 NH;H,PO,
8595 4692 2035 14.05 14.70 333 38.38 NH;H,PO,
87.78 48.40 20.82 1222 1290 290 38.70 B-CO(NH,),
50.73 5025 2097 9.27 9.85 2.15 39.90 B-CO(NH,),
91.61 50.60 20.80 839 3.89 191 4051 :CO(NHy),
93.19 5175 2101 681 7.23 153 4102 7-CO(NH),

93.21 51.30 21.05 679 123 153 40.97 y-CO(NH,),

95.50 52.60 2053 4.50 474 097 4266 3-CO(NH,),
100 54.80 2019 00 0.00 0.00 4520 7-CONHy),
temp=40°C
00 0.00 000 100 3550 478 64.50 NHH,PO,
2847 675 185 753 32,50 465 6015 NH,H,PO,
2921 1434 416 5073 28.30 429 5736 NH,H,PO,
64.68 28 714 3532 2390 390 5327 NH,H,PO,
740t 3152 1110 2599 2120 3.90 4728 NH,H,PO,
80.28 4050 1665 19.72 19.00 4.08 40.50 NH,H,PO,
83.05 4527 2036 1695 17.10 415 37.03 NH,H,PO,
90.81 5630 28.60 9.19 10.92 2.90 32.78 7-CONHy),
9292 57.80 2851 7.08 844 217 3376 ¥-CONH,),
9382 58.80 2898 .18 742 191 B3R ¥-COMNH,),
94.60 5040 29.00 5.40 6.50 166 3410 ¥-CO(NH),
96.70 60.50 28.34 330 395 097 35.55 7-CO(NH,),
100 62.00 2717 000 000 0.00 38.00 7-CO(NHy),

“The composition vkt is: mol/100 mol of solute.
These values were calculated by the compilers.

Additional Data: the authors also give the specifics of the cryohydratic point in the NH¢H,PO,~H,0 system: 16.90 mass %
NHLHPO, (177 malieg Hy0-rompilars) at —4 3 °C and nf tha stectic print of the terpary system under consideration: 28.9 mase
% CO(NH,); (8.09 moVkg H,0~compilers); 11.90 mass % NHgH,PO; (1.74 molikg H,O-compilers); 59.30 mass % Hy0 at
~153°C.

Auwsiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.
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Components Original Measurements:
() Ammonum diydrogenphosphate; NH H PO V. A Polosin, A. G, Treshchov, Zh. Fis. Khim. 27, 57-68
[7722 70011 (1953).

2t CH N0 57136

U9 Water, 1,0: 17732 1% 5]

Components Original Measurement
(1) Ammonium dihydrogenphasphate: NH,H;PO,: A. G. Bergman, L.V. Opredelenkova, Zh. Prikl. Khim
[7722-76.1] (Leningrad) 40, 1335-8 (1967).

(2) Urea: CHyN,0; [57-13-6]

(3) Water: H05 [7732-18-5]

v

les: rreparea By:

1. Eysschovi

Compasition and iemper:

Vanames: Prepared By:

Temperature and composition. 1. Eysseltovi

Experimental Data
Cryatallization temperaues and composition ol solutions cocxisting with several solid phases in the NH,H;PO,~COINHy) - Hy0

“atem
NH PO, COINKY, H0 Solid

S o, m ok hg M 100w, m/mol kg 100w, phases”
FRs 1090 177 0.00 0.00 83.10 A+B
7 s 16K X 52 185 70.6% A+B
164 1340 16K 17.32 417 924 A+B
140 12.25 173 2633 714 61.42 A+B
28 1200 209 34.96 1 5244 B+C
i 13.90 281 4308 16,60 43.05 B+D
1228 1420 a.20 4719 0.37 361 BiD
¥ 096 30.50 $.2 6259 AHC
L7 L1Y 50.60 19.40 43.46 C+D
1251 097 52,90 2080 4239 D+E
145 153 29.00 801 60.35 A+C
15y 1.54 4070 13.40 50.40 C+D
1248 154 5170 2099 41,05 D+E
LAl 191 Az vol 3308 BTE
3% 207 M40 0y2 52.48 B+C
173 247 40.50 14.18 47.60 Cc+D
1257 17 50.60 19.37 43.52 D+E
[REX] : 290 44.80 18.03 4140 B+D
%5 2040 274 16.65 4.38 63.35 A+B
Fod 13.49 248 39.21 1381 4730 B+C
142 016 146 29.54 8.16 60.30 A+C
- 50 581 096 4149 1312 52.70 C+D
126 439 0.59 304 815 64.20 A+C

153 R 174 28.80 809 5930 A+B+C

“These values were caleulated by the compiler.

B=NH,H;PO,: C=a-CO(NH,),: D=8-CO(NHy),

7-CO(NH,),: F=CO(NH,), (modification not

Fhe solid phases are:
given)
“This is a graphical estimation. the experimental value was =46 “C.

*The value in the source paper was 560.3, an obvious error.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visual polythermic method was used. The of A and urea were recrystallized

the last crystal and the appearance of the first erystal were three times before use and analyzed (no results given). The

observed. purity of urea was checked by melting point measurement
(+132.6 °C found).

limated Error:

No information is given.

Experimental Data

[« ition and crystaflizati af invariant points in the NHyH;PO,~CO(NH. ), - H,0 system
CO(NH,), NH,H,PO, H,0 Solid
" 100w, mimol kg '* 100w, mdmol kg™ ' 100w, phases”
-17.5 30.0 8.84 135 208 56.5 A+B+C
-6.0 35.0 s 14.5 250 50.5 B+C+D
28.0 515 256 150 389 335 C+D+E
460 58.0 358 150 483 270 D+E+F

“The molality values were caleulated by the compiler.
PThe sofid phas B = a-NH,;HPO,: C = a-CO(NH,)3; D = B-NH;H,PO;; E = B-CO(NHy),: F = y-CONH,),

Additional Data:
Solubility polytherm and solubility isotherms in the temperature range ~ 10 to +50 °C are given, but only in graphical form.
Relative areas of crystallization fields are: ice = 9.98%, a-NH,H;PO,=8.01%; f-NH,H,PO, =62.16%, a-CO(NH; ), =4.99%;

A-CO(NH,);=2.28%: y-CO(NH,),=12.56.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.' The appearance of
the first crystals as well as the disappearance of the last
crystals was observed, the difference between these values
being kept to a minimum.

Source and Purity of Materials:
Reagent grade urea and NH,H,PO, were recrystallized and
dried before being used. Their melling points were 132.5 and
200 °C, respectively.

Estimated Error:

No information is given.

Rafarancoe:

'A. G. Bergman, N. P. Luzhnaya, Fiziko-Khimicheskie Osnovy
Izucheniya i lspol'zovaniya Solyanykh Mestorozhdeniy
Khiorid-Sul"fatnogo Tipa, Moscow, IAN SSSR, 1951.
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Components
ST Anuromum dibydig
[2022 7001
2 Brews CHUNLO[ST 18 6]
W Water, 1.0 7732 1% 5]

aphesphate, NE HL PO,

Original Measurements:
AN Sarbaey, V. Polyahoy, M. I Tyunina. Z, A. Polyakova,
A Kb Ruchhovie, Khim. Prom. (Moscow) 48, 437-8 (1972),

Components

(1) Ammonium dihydrogenphosphite: NH,H,PO,:

{772276-1]
(2) Ureas CH,N;0: {57-13-6}
(3) Water; H,0; [7732-18-5]

Original Measureme

E. V. Polyakov, L. 1. Mart’yanova, A. N. Sathacv, Zh. Prikl.
Khim. {Leningrad) 47, 1507-9 (1974).

Variables:

Compositon and temperatire m selations with NiP,O, ratio of

Prepared By:
1. Eyseliovi

Variables:
Composition and femperature.

Prepared By:
3§, Eyssehova

Experimentat Data
The solubility polythernn for the NGO, COINIL )
etaphieal Torm, fhe coreetic poin is spevificd as 264 miass % of fertilizer 11 and 72.6 mass % H,0 at 9,25 C.

H,0 sysiem in a solution having a N/POg ratio = 151 ks given i

Compiler™s Comment:

T composition valies are an chvious typographical error hecause the sum - 101%

Ausiliary Information

Method £ Apparatus / Procedu Source and Purity of Materials:

e sncthod bas been doseibed carbier.!

77164 No other information is given

Estimated Lreor:

Nevinfursmation s given,

References:
LR, Krichevshiy, NE Khazanova, L.R. Liushic, Zh. Fiz, Khim,
312711 (1957,

CONHL L was GOST 669167 NHH,PO, was GOST

Experimental Data
Part 1. Composition of the relevant sections

Sect. CO(NH,), NH,H;PO, Ratio of N:P,03 Comment
1 80.8% 19.2% 3371 water added
1] 78.7% 20.3% kil watter added
m 0.3% 29.79 2 waler added
v 51.4% 48.6% 11 water added
v 39.79% 60.3% £ added
Vi 28.0% 71.4% water added

Vit 15.29 R4.8% water added

Part 2. The authors present their data using the total contents of salt components, the number of the relevaat section and the crystalli-
Zation temperatures as coordinates, The compiter has recaleulated their data as follows:

INFigHy Uy COINH,}, H,O
100w, mJmol kg ' 100w, m,/mol kg ! 100w, AN

10 0.1 40 0.7 95.0
19 02 8.1 15 90.0
29 0.3 12.1 24 850
38 0.4 16.2 34 80.0
06 202 45 5.0
0.7 242 S8 700
0.9 28.3 72 65
1l 323 90 60.0
14 36.4 1.0 550
17 404 135 50.0
20 444 164 450
25 48.5 202 40.0
3 52.5 25.0 350
39 56.6 4 30.0
5.0 0v.0 a4 50
6.7 64.6 538 20.0
150 727 1211 0.0
37 76.8 2556 5.0
0.1 39 0.7 95.0
02 79 15 90.0
0.3 18 23 85.0
05 15.7 33 80.0
0.6 19.7- 44 750

08 26 5.6 700 ~10.2

10 275 71 65.0 -123

12 s 87 60.0 -4

15 354 0.7 55.0 -38

0.7 19 394 136 50.0 4.1

S3IHIS V.Lva ALINIGNT0S LSIN-OvdNi
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AN
12.%
(B
144
164
A
192

202

149
16,3
178
.3
NIES
3%
207

2.2

1o
17.0
199

20

207
22
6
Mo
3.4
WY
427
402

a0

6.0

9.0
121
151

433
47.2
S1.2
551
S0
610
708
748

ars
20
40
6.0
79
9.9
1.9
13.9
15.9
179
9.y
218

16,0
9.7
243
A6
.3
S24
iy
490

06
1.3
2
24
349
5.0

29

45.0
40.0
ERRY)
300

25.0
200
10.0

50

124
201

308
418
54.3
726
99

- 145

-4
-6.2
82
10.2

-3.2
9.6
230
372
50.4
63.0
750
86.9
1o
121

o
s
-5
-29
-44
6.1
~6.4

147
274
41.2
53.2
6i6

36.2
39.2
422
45.2
8.2
543
57.3

36

07
143
179
21.4
250
28.6
321
357
393
428
464
500
536
571

67.8

42

12,7
17.0

80.6

79

9.7
122
157
210
472
99.6

03

140.1

2338
258
278
29.8
3R
357
377

14

4.3

72

10.0
11.4
129
143
5.7
17.2
18.6
20,0
21.5
229
25.7
212

49
123
154
19.8
2% 4
59.5

125.6

95.0
90.0
85.0
8.0
75.0
70.0
65.0
60.0
55.0
50.0

70.0
65.0
60.0

25.0

10.0

730

82.2

102
i

-14
- 28
-43
-39
=02
10.7
223
358
482
60.0
711
81.6
91

107
113
124
129

-4.0
-34

19.2
311
430
54.4
65.1
750
84.8
95

114
124
145

[11:108
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Part 3. dnvariant pomts o the NHHPO, CO(NH ) - H,O system. (The original data are presented in the form mentioned i Fart 2.}

NHL PO, CO(NH,L ), H, O Componcnta Original Mcasurementss
10, mfmat by ! LU mfmol kg ! 100w, #°C (1) Ammonium dihydrogenphosphate; NHH,PO: A. N. Subaev, E. V. Polyakov. Z. A. Pulyakova, A. Kh.
[7722-76-1] Ruchkova, M. F. Tyunina, L. . Gushchina, L. [. Martyanova,
7.2 Lo 04 $1 624 -134 (2) Urea: CH,N;0; [57-13-6] Khim. Prom. (Moscow) 50, 516-21 (1974).
k2 12 0.2 8.2 616 -138 (3) Water; H,0: [7732-18-5]
120 7 2.3 79 59.7 ~150
[EX) 17 140 34 76 ~9.3 Variables: Prepared By:
'R 17 9.6 21 75.8 ~76 Composition and temperature in solutions with N/P,Oj ratios ). Eysseltovd
156 17 6.2 13 2 -6.5 or it and 5l
161 17 29 06 810 -52

Experimental Data

“The authors report the data found in Refs. 2 and 3. In addition, they report their own data at temperatures above 40 °C, These data are

Auxiliary Information N N . .
Y presented with temperature and the total conent of salt components as the coordinates. The compiler has recalculuted their data as follows.

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual molythermic method was used with sealed el Chemically pure ammonium  dibydrogenphosphate and urca Table 1. Solubility data for the NH,H,P0,~CO(NH,); - HyO system in solutions having a N/Py05 ratio of 2:1
dthes! The s state that the density of the filled tuhe ere used. They were g P ar 4 ied at 60-80 “
b :NH‘V;J:..W e :.t,l the deaniy ..|' m; l:m%k’n ‘lul'u}\. fv“j”“.“dh.}:k-) .WLrilbhrn?:\‘.; u:]‘l':"r\or’urﬂdn‘d\ i::.uhﬂw o ini F— o, POITRN o
it 5 e bt i is not precisety defined i the and then chasactered by their melting points which wer 13 we 100w, 100w, mmol kg ! 100w, m,fmol kg ! 100,
article and 200 “C, respectively.
40 610 148 3.30 462 19.7 300
Estimated Error: 50 64.8 15.7 388 491 23.2 352
No information is given bt 088 167 465 2l 78 N2
) 729 17.7 568 339 271
80 7.1 18.7 710 29
References: 90 81.3 19.7 9.16 18.7
"L K. Krichevskiy, N. E. Khazanova. LR. Liushic. Zh. Fiz. i‘l"n’ 3(5)7 Z(I’§ :gf '33
Khim, 31, 2711 (1957). - 21 -2 -
" ! 120 94.5 225 36.2 55
130 989 240 189.5 749 %
Table 1. Solubility data for the NH,H,PO,~CO{NH,);~ H,0 system in solutions having a N/P,Os ratio of 3:)
Total salts NEH,PO; oty ho
"C 100wi 100w, mimol kg™ 100w, m/mal kg ™! 100w,
40 69.2 112 316 580 314 308
50 733 18 384 615 383 2.7
60 7.1 125 475 64.6 410 29
7 793 128 538 66.5 53.5 207
80 82.4 133 657 69.1 65.4 176
90 86.3 139 8.82 724 87.9 137
w 9y 14.7 14.0 76.2 139.4 9.1
Comment:
According 1o the authors, decomposition of urea occurs at temperatures above 70 °C.
Auxitiary Information
Method / Apparatus / Procedure: Source and Purity of Materials:
The method has been described earlier.! CO(NH,); was GOST 6691-67; NH;H,PO; was GOST

3771-64. No other information is given.

Estimated Error:
No information is given

References:
"L R. Krichevskiy, N. E. Khazanova, L. R. Liushic, Zh. Fiz.
Khim. 31, 2711 (1957).

2V. P. Blidin, Zh. Obshch. Khim. 11, 887 (1941).

*E. V. Polyakov, L. 1. Mart'yanova, A. N. Sarbacv, Zh. PrikL.
Khim. (Leningrad) 47, 1507 (1974).
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Components

(1) Ammonm dikydrogenphosphate: NI H PO,
17722 70.1)

£2) Utea phosphate: CO(NTL - HL POz [4864-19-2]
3 Water: HL,O:[7732.08-5]

Original Measurements:
R. Kuinnelo R,
{19731

ahsl, Z. Anorg. Allg. Chem. 402, 305-11

Variablex:

Comprstion ar 20 and 40 ¢

Prepared By:

1. Eysseliovi

Experimental Data

Solubility isatherms in the NHH PO, - CO(NH ), H PO, HO system

COMNHE L 1L, PO, NH,H,PO, H.0 density
aw, monmtng ! 1000, ol g W 100m gem * Solid phasc®
temp=20"C
44015 00 1.69 46.57 1.2833 A
4108 504 302 3374 13062 A
Ahihtd 627 501 3895 1.3409 A+B
X 7N 358 2424 349 1698 12877 B
16.26 2 24.60 362 59.14 1.2255 8
S0 0516 2540 3.0 arRY7 11737 B
0000 .40 25.50 298 74.50 11518 8
temp =0 C
KU 1002 61 176 3408 A
55415 reor P 366 364 A
4435 o7 .00 B84 27.59 A+B
1522 [NE 2870 691 3608 B
2 322 .67 SRO 4544 B
11.7% 1.35 330 5.20 55.21 B
0000 0000 30,20 493 63.80 B

“Phese values wose calenlied by the compiter

e sl pliases ares A

COMNH Y, 1LPOL B = NH, PO,

Auxiliary Information

Mothod / Apparatus / Procedure:

Mixtures of the components wee stiered vigorousty and
allowed to equiltbrate for 15-25 hes, The equilibrium was
checked by repeated analysis of the liquid phase. PO,
cantent was determined by precipitation titration with
La(NO 4, using Chromazurol § as indicator; NH, ' was
determined, after removal al phoaphate ions, with the aid of
¢ 1esin hy formal tritration Urea wus

amon exchan,

deternned gravimetncally as dixanthedrylurea or after enzyme
decomposition as NH,. The composition of the sokid phases
was dewrmined by the method of Sehieinemakers.

Source and Purity of Materials:

The ammonium phosphate was recrystallized several times
before use. The urea phosphatc was synthesized from urea and
an equivalent amount of phosphoric acid and recrystallized

several fimes.

imated Error:
The temperatre was kepl constant (o within & 0.05 K

Components Evaluator:
{1) Ammonium dihydrogenphosphate; NHyH,PO; J. Eysseliovd, Charles University, Prague, Czech Republic,
[7722-76-1] September 1995

(2) ‘Thiourea; CH,N,S; [62-56-6] or (2) Methionine;
C5HyNO,S; [59-51-8] or (2) Tricthylamine hydrochloride;
CoHy6CIN; {554-68-7) or (2) Biuret; CyHN,0;: [108-19-0)
(3) Water; H,0; [7732-18-5]

Critical Evaluation:

7.2. NH4H,PO,~Organic Compound-H,0

The NH,H,PO,~CS(NH,),~H,0 system is described in two articles."? The 298 K isotherm and the complete phase diagram
arc given for the system. Al these data are consisient with each other, but no critical cvaluation can be made because there are no
other data available for this svstem.

The same group of investigators also presented some information on the NH,H,PO, methionine~HO system.® The phase
diagrams for the aystems, Figurcs 14 and 15, provide an illustration of the problem involved in the so-called a- and B-NH,H,PO,
discussed on page 1335. The authors are convinced that these two allotropes do exist and state that the transition point between
them i at about 306 K. However. the evidence for these elaims appearc tn he weal There i« na claar heonk whara the curves fisr
those systems in which both thesc solid allotropes are in equilibrium with the saturated solution join the curves for solutions in
which the organic component is also an equilibrium solid phase. Furthermore, there is an insufficiens number of data points for
solutions in equilibrium with both the solid a-NH,H,PO, and b-NH,H,PO;.

Other systems containing an organic compound that is both solid and water-soluble under ordinary room conditions and thus
analogous fo the systems described above are the NH,H PO, ~(CyH, 1 ,NKHCI-H,0 system™ and the NH H,PO,
{C4Hq)NHKHCI-{C{H;) ;NKHCI-H,0 system.” These systems were studied by the same group of investigalors, but no other
data for these systems are available. Therefore, the informaion in these articles cannot be cvaluated. This is true also for the
NH,H,PO,-Biuret H;0 system.”

40 T T—p———

30

<B+D+E

mass % NHaH2P04
N
o
lw)
"

O L
3 10
mass Z CS(NHz)2

FiG. 14. Solubility in the NH,H;PO,~CS(NH;),H,0 system. The solid phases in Figure 14 are: A=ice, B=Cs(NHy);; D=a-NiisH;POy;
E=A-NH,H,PO,

4:148
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40 ——T —
A-NILH, PO,
r—
30 -
-
o methionine
a-NHH,PO,
20 S 1
S ice 1
0

1
mass 7 methionine

Fic. 15 Solubility in the NH.H,PO,- methionine Hy() sysiem,

References:

B8, Zakiror. S, Tukhtaes B.M. Beglov, Ugh, Khim. Zh. 19 11974)

BN Zuknes. S Tukblacy. B M. Beglov, Dokl Akad, Nauk Uzb. SSR 48 (1974).

DA Anlova B M Beghov, B, S. Zakiroy, Kh. Kucharov. Zh. Neorg. Khim. 30, 1342 (1985)

SAL Mazunin, O, F Sosmma, A. A Volkov, T, L. Dania, Termicheskiy Anakiz i Fazovye Ravnovesiya. Perm 79 (1985)

0. E Sowmma. A A Volke, Uch. Zap. Perm. Gos. Univ., Ser. Khim. 289, 20 (1973).

CALAL Volkov, O, b Susimna, 7. D Kalinkina, N, 1, Oginskaya, Termicheskly Analte | Fazovye Raviovesiya, Pam 126 (1985)
LS Blesinskaye, K. 8. Sulaymankalov, M. D, Davianov. Yu. Z. Yunusova, VINITINr. 120 (1983).

Camponents Oviginal Moscnrement:
(1) Ammonium dihydrogenphosphiate: NHyH; POy B.S. Zakirov, . Tukhtacy, B. M. Begtov, Usb. Khim. Zh. 19-20
{172276-1] (1974).

(2) Thiourea; CH,N,S: [62-56-6]

(3) Water: H;0; {7732-18-5]

Variables: Prepaced By:
p

Composition and lemperature. J. Eysseltovd

Experimental Data
Points of simultancous crystallization of two or three sofid phases in the NHyH,PO,~CS(NH.

H,0 system

NH,H,PO, CS(NIL), H,0
100w, m,fmol kg ¢ 100w, mfmol kg 4 100w, e Solid phases”
0 o 52 072 948 06 At+B
48 0.46 4.1 0.59 9L1 =20 A+B
9.6 096 35 0.53 86.9 =31 A+B
145 153 172 nsi 823 42 A4B
158 170 32 .52 81.0 -45 A+B+C
18.0 191 0 0 82.0 -42 A+D
17.2 1.90 42 0.70 78.6 10 B-D
18.9 217 53 0.92 758 7.5 B+D
227 284 78 1.5 69.5 25 B+D
245 320 9.0 1.8 66.5 280 B+D+E
324 4.17 0 0 67.6 330 D+E
27.0 379 1o 233 62.0 368 B+E
308 4.8 138 327 554 506 B+E

“These values were calculated by the compiler.
Mhe solid phases are: A = ice; 8 = CS(NHy);: C = NH,;H,PO,: D = a-NH,H,POy; E = A-NHH,PO,.

Additional Data:
Solubility isotherms in the 0 to 50 °C temperature range are given, but only in graphical form.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was uscd.

Source and Purity of Materials:

“Chemically pure’ NH,H,PO, was vsed. The thiourea was
recrystallized twice.

Estimated Error:
No information is given.

S31Y3S V1va ALIEnTos LSIN-OvdNi
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Original Measurements:
B, 8. Zakirov, B. M. Khaymov, S, Tukhiaev, B. M. Beglov,
Dok). Akad. Nauk. Uzb, S§R, 48-9 (1978).

Components

(1) Ammoninm dibydrogenphosphate: N1 PO
17722 760

£2) Thougens CH,NLS2 62 56.0]

() Water: H.0: [773218 5]

Components Originat Measurements:
L. S. Bleshinskaya, K. S. Sulaymankulov, M. D. Davranov, Z

Yu. Yunusova, VINITI Nr. 120-83, 1983,

(4) Ammonium dihydrogenphosphaie: NH,H,PO,;
(772276-1}

(2} Biuret: CyHgNyO,: [108-19-0]

(3) Water: H0: [7732-18.5]

Variables: Prepared By:

Composition al 25 °C

1. V. Chernykh and ). Eysseltova

Varlabl
Composition at 30 °C.

Prepared By:
J. Eysselovi

Expersmenat Data
Solubitity in the NILHPO, CSINHL Hay) system at 25 °C

Experimental yata
Solubility values in the NHgH, PO, ~biuret- H,0 system at 30 °C

CSINHL . NH, PO, H,0 NH,H,PO, NH(CONH,), H0 Solid
i, mdwmol kg e, mfmal kg 100w, Solid phases 100w, m/malkg '* 100w, mfmolkg ' 100w,
4.2 2070 - - #5.79 CS(NHy), - — 308 0.306 96.92 A
134 217 6.08 0,654 R0.7% CS(NHy), 37 0.345 285 0.294 9344 A
12 2w 1 1.279 7638 CS(NHy), 9.42 0.928 237 0.259 88.21 A
IES 2000 15.18 1798 73.39 CS(NHy), 23.00 2674 226 0291 74.74 A
0.2 L8R 17.96 2175 778 CS(NHy), 2832 3526 189 0.261 69.79 A
9.54 179 20.51 2549 69.95 CS(NH,), 29.30 a7t0 206 0.289 68.64 A+B
K47 163 2131 2970 o221 CSENHL), + NH, HLPO, 29.28 3707 208 0.292 68.64 A+B
501 [ 2335 2083 68.04 CS(NHy), + NUHLPO, 2988 3786 1.54 0.216 68.58 B
S I 20,19 30 68.77 NH, H PO, 30.44 3855 0.94 013 68.62 B
259 0487 2754 3426 6987 NH,H,PO, 3169 4.032 - - 68.31 B
2941 2622 70.59 NH,H,PO,
“The molalities were calculated by the compiler.
e ates e veblited by the semipilor. "The solid phases arc: A=NH(CONH13: B=NH H,PO,

Auxiliary Information

Method / Apparatus / Procedure:

The ssothermad method was wsed with mechanical stirring
Giguitibrium was determined by repe

Source and Purity of Materials:
The thiourcas was recrystallized twice. No other details are
ed anatysis of the Niquid — given.

phise o detabs e given), Fquilibrivm was attained in 24

hus. The compesition of the solid phases was determined by

the Schieinemahers” methold,

Estimated Error:

‘The temperature was controlled to within = 0.5 K. The compiler
estimates that the reproducibility of the solubility values is about
+ 0.5%

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The isothermal method was used with 8 to 9 hours allowed for No informarion is given,
equilibration. Equilibrium was checked by repeated analyses.
Ammonia content was determined by the formaidehyde
method. total nitrogen by the Kjeldahl method, and biuret by
the diffrence. No other details are given,

Estimated Error:

No information is given.

v8tl
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Components Original Measurements:
Do A Amilova, B. M. Beglov, B. S, Zakirov, Kh. Kucharov, Zh.
Neorg, Khim. 30, [342-3 {1985).

O Amsimiue diltydrogenphosphate; N PO,
[7722 70-1]

20 Methionne: CJH ) NO ST |59 5108]

(4 Water: 11,0 [7732 185

Variables: Prepared By:

Temperature and composition 5. Eysselovid

Components

(1) Ammonium dihydrogenphasphate: NHHiPO,.
[7722-76-1]

(2) Tricthylamine hydrochloride: CoHyoCIN; {S54-68-7]
(3) Water: Hy0: [7732-1%-5)

Original Measusements:

1. S. A, Mazunin, O. E. Sosnina. A. A. Volkov, T, L. Danina,
Termicheskiy Anatiz 1. Fazovye Rovnovesiya, Perm. 79-88
(1985).

2. 0. E. Sosaina, A. A. Volkov, Uch. Zap. Perm. Gos. Univ.,
Ser. Khim. 289, 20-5 {1973),

Experimental Data

Crystatlization temperatures in the NH,E,P0, methionine H,0 system

NiLHLPO, methionine 0 Solid
10t mimethg 100w, mgmol kg 100w, e phases”
w7 ERY) [iR] a.08 65.5 A+B
328 419 0 o 075 A+C
30 A0 0.7 [y 682 A+C
e 1HY 0y 0.09 685 A+B+C
287 306 12 o1l AN B+C
187 203 14 012 799 B+C
S0 191 [l 0 82.0 C+D
174 191 0y 0.07 313 D
178 192 s 012 50.7 B+C+D
ox 179 15 012 BT B+D
v [ 16 0.12 8RO B+D
o o 1.7 0.12 vy.3 B+D

TN IOPAE 1,0 Valies were caleuialed By e compiter

Prhe solid phises s A ff NH,I1L,PO B = methionine: C = a-NHH, PO D - ee

Auxiliary Information
Method / Apparatus / Procedure: Saurce and Purity of Materials:
A visual palyihermic method was used.' Pure  metbionine  and  reagent  prade NHZH PO, were

recrystallized before being used

Estimated Error:

No information is given

References
AL G, Bergman., N.P. Luzhn

lrucheni
Khlorid-$

Fiziko-Khimicheskiye Osnovy
i Ispolzovaniya  Solyanykh  Mestorozhdeniy
ul fanogo Tipa, Moscaw IAN 5SSR (1951,

Variaples: Prepared By:
Ce i at 20 and 60 °C. L. V. Chernykh and J. Eysseltova
Experimental Data
Solubility isotherms in the NH,H,PO,~(C;Hq) N HCI-H,0 system
NH,H,PO, (CH;):N-HC H,0 Refract. Solid
100w, mimolkg 100w, m/mol kg ' 100w, index" phase®
temp=20"C
7.2 325 — 728 13700 A
17.6° 219 i.31 70.0 A
15.1¢ 182 1.33 2.2 1.3775 A
8.8 1.2 324 038 1.3905 A
6.5 0y 451 SRS 1.4995 A
2.0 0.42 6.16 536 14115 A
1.2¢ 0.24 9.54 43.6 A-B
— - 10.4 28 1.4295 B
temp=60 °C
— — 64.0 13.4 B
33 0.80 61.0 129 B
a1 10 602 127 A+B
55 11 525 9.42 A
9.8 17 4a0.7 619 A
120 211 35 472 A
19.0 295 250 338 A
303 469 135 181 A
384 6.07 6.6 0.90 A
452 7.7 — - A

“The mol/kg H,0 values were calculated by the compilers.
PThe refractive indices are given in source paper® only.

“The solid phases are: A = NH,H,POy; B = (C3H;)yN- HCI
UThese data are given i souree paper” only

“There data are given in source paper’ only.

Auxiliary Information

Method / Apparatus / Procedure:

The refractometric variation of the isothermal method was
used. The compilers assume that it wus the method de ibed
elsewhere.! NH,H,PO, was determined by potentiometric
titration. The compositon of the solid phase was deteemined by
the Schreinemaker's method.

Source and Purity of Materials:
Reagent grade NH,H,PO, and pure (CpHg) N-HCI were
receystaltized hefore being used.

Estimated Error:
The NH H, PO, content has a preciston of +£0.2%.,

References:
[N

% Zhuravlev, A.D. Sheveleva, Zh. Neorg. Khim. §, 2630
(1960).

S3H3IS Yiva ALINENTOS LSIN-OvdNl
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Original Me 52
A AL Valhov, O, L Sosnina, 7, D, Kalinkina, N. 1 Oginskaya.
12 Termicheshiy Amaliz i Fasovye Rovaovesiya, Perm 1268
O Ity B Dy dschloedes £ 1IN [6217 4007 | (lons)

O Trbuty B Bydiochionde, €, FLCING 6309 30-4]

G Water 1O [ 7732 18 5]

Components

O Ao dinydeegenpiosphate, NELEL PO,

Components Evaluator:

(1) Ammanium dibydrogenphosphate; NHH, PO, 3. Bysseltovd, Charles University, Prague. Crech Republic,

[7722-76-1]

(2) Uica, CHyNO: [37- 130}

(3) Ammonium nitrate; NH;NO,; [6484-52-2]
(4) Water, Hy(; (7732185

Sepiember 1995

ables: Prepared By:

sttt 207 C ) Eyseltoi

Experimental B

The isotherms wre given in graphecal form anly.
The cemposition ol the eutonse point n the NHH PO, (CaHy) NHLCE THO systent s
1200 o NHHLPO, (162 molikg 11,0 comprler);
197 mass % 6 NFLCEOLT0 molhg 1,0 compiler:
677 mas 2 1L0O)
Tl authons state i the erystalfization field of tribusylamine hydrochloride in the NHLPO, - (CyHy L (NHCLHY0O systen s toa

small 1o be depreted on the phase diagram

Auxitiary Information

ce and Purity of Materials:

Method / Apparats / Procedure: S

e rebiactometic vatiation ol the isothermal method' was Reagent grade NH,H PO, wars used. Dibutyl and iribuiyl-amene
wal hydrochlorides were synthesized fram the respective amines and
HC

Estimated Error:

N inll

Mion i given.

References:
'R. V. Merclin, Lzv, ENT Perm. Un-C 1L | (1937),

Critical Evaluation:
7.3. NH4H,PO,~Urea~NH,NO;-H,0
Sulubitity duta o the NHLH PO, -urei-NHyNO - HyO system has been reported in three papers. * However, no eritical
evaluation can be made of these data. In Ref. 1 a supersaturation isotherm of NH,HyPO, in the tithe system is reported. I Refs, 2
and 3 different temperatures were selected and no direct comparison of the data is possible.

2. Pozin, B. A. Kopylev. N. K. Shilling, lzv. Vissh. Ucheb. Zaved., Khim. Khim. Tekhnol, 8, 883 (1965).
G, Tudorovskaya, F. G. Margolis, Khim. Prom. (Moscow) 42, 678 {1966,
LM Kaganskiy, A. M. Babenko, Zh. Prikl. Khim. (Leningrad) 43, 742 (1970)

98¢l
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Part 2. The compiler has caleutated the following conceatranon values from the duta i Vast 1

Components

1) Ammanium dihydrogenphosphate: NHLH, PO,
[7722-76-1]

(2) Urca; CH N0, [57-13-6)

(3) Ammonium nitraie; NHyNO; |6484-52-2]

(43 Water: 14,0: {7732-18-5]

Original Measurements:

M. E. Pozin, B. A. Kopylev, N. K. Shiiling, Izv. Vissh. Ucheb.

Zaved., Khim. Khim. Tekhnol. 8, 833-8 (1965).

Variahles:

Componition at 10°C,

Prepared By:

1. Eysscltova

Experimental Data

Supersaturation in the NH;H; PO, ~NH,NO; ~CO(NH, )~ H, O system at 10°C

Part 1. The authors’ data:

Point Total solute NH,NO, NH,H,PO, CO(NHy), Total nutrition
No. 100w, comp” comp® comp® solute soln
i S0 128 512 36 5912 236
2 37 15 60 25 6112 26
3 0 16.1 644 195 6229 18.7
4 0 22 KE] 45 52.58 209
s 37 27.2 40.8 32 539 199
6 15 28 42 30 54.81 192
7 an 30 45 25 55.38 16.6
¥ 40 20 20 40 5426 20.0
9 37 s 325 33 5179 19.15
10 3s 95 39.5 21 52.80 8.5
r 3 415 41.5 17 5313 15.95
12 40 527 26.3 21 47.65 19.1
13 37 60.7 303 9 47.85 1.7
B} 1S 61.3 307 8 47.85 16.4
15 n 63. 37 5 47.94 141

“The composition unit is: s % of solute.

Point NH,NO, NH H,PO, CO(NH,), H,0
no. 100w, mifmol kg™ 100w, mi/mol kg™ 100w, mi/mol kg™ 100w,
1 5.1 11 205 297 144 40 60
2 5.6 11 222 3.06 9.2 24 63
3 48 086 193 2.40 59 14 0
4 8.8 18 13.2 191 180 5.0 60
s 104 2,00 15.1 208 138 313 63
6 9% 19 147 197 105 269 65
7 9.0 16 135 168 75 18 70
8 120 25 120 174 160 444 60
9 118 235 12.2 168 13.0 342 63
10 138 266 1338 185 74 19 65
1 124 222 124 155 5.1 12 70
1”2 211 439 10.5 1.52 8.4 23 60
13 25 445 12 155 33 088 63
14 215 412 10.7 144 28 072 65
15 190 339 95 12 15 0.36 70

NOTE: Tte authars state that the equilibrium solid phase is NHH,PO,.

Auxiliary Information

Method / Apparatus / Procedure:

Mixtures of dry salts and water were stirred vigoronsly
(900-1200 rpm) and heated 1-2 °C above the temperature at
which the last crystal disappeared. The solution was then
cooled at the rate of 1~2 deg/hr and the temperature at which
the last crystal disappeared was observed. The supersaturation
isotherms were constructed graphically.

Source and Purity of Materials:

Chemically pura salic warn racrystallized thron simes beface e

Estimated Error:
No information is given.

S3143S v1va ALMENT10S LSIN-Ovdnl
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Part 2. The authors express the concentrations of the solutions in Part | in the following way also

Components

1) Ammonsum dibydragenphosphate; NI H PO,

|17
[RIN}

1]

£3) Asnmonsuin mi

CHNLOL 57 The|
L NHGNO G {6drd 52 2]

4 Warer, HLO: [7722 1% 5]

Original Measurements:

678-80) (1966)

G. L. Tudorovskaya, F. G. Margolis, Khim. Prom, (Moscow) 42.

Varinbles:

Composion at §1°C

Prepured By:

1. Eyssehovi

Experimental Data
Part 1. Sububility in the NHH,PO, - NH{NO - COUNHy) s - HLO system at 50 °C

Solu CONHL), NH,NO, NH, 1, PO, H,0 Solid
no 100w, m* 100w, m® 100w, m? 100w, phase”
' . - 777 34.32 2.1 0.702 26.12 A+B
3 1390 11.66 64.00 40.28 225 0.985 19.85 A+B
3 22,08 2049 61.89 55.78 220 138 13.86 A+B
4 32.00 4753 5469 60.84 202 156 123 A+B
s 34063 S404 53.25 62.34 145 LIg 10.67 A+B
6 46.50 XX¢ 5166 XX* .84 XX¢ - A+B
7 EERAS XX¢ 48.5% XX¢ 251 XX¢ — B+C
% SLA0 50,50 097 25.57 2.50 1.44 1513 B+C
0 5162 59 89 30.00 2562 275 163 14.63 B+C
10 5205 w12 1644 K88 7.48 281 2313 B+C
) S 2391 825 394 1228 408 26.17 B+C
12 St 080 - - 2097 6.57 2773 B+C
12 - 77.05 4194 — - 2295 A
[H 06.52 3308 - — — 3348 C
15 - 41.60 6.19 58.40

“Ie compeler caleulated the molalities ax mol/kg 11,0 value:

Blhe solid phises are: A NHNO ¢ B

SThe mofalines desipnated as XX cannol be

COINH),.

NH,H,PO,: €

feutated, hecause the solutions are anbydrous.

Soln CO(NH,), NH,NO, NH,H,PO, H,0
no comp® comp? comp® comp®
1 97.10 — 29 35.40
2 17.40 79.79 281 475
3 25.50 7195 255 16.10
4 36,12 61.69 2.19 1265
5 38.78 59.60 1.62 11.96

6 46.50 51.66 1.84 —

7 48.92 48.58 251 —
3 60.50 3655 295 17.85
9 61.60 3518 3.2 17.20
10 69.60 2140 9.00 30.03
11 77.20 1L18 16.62 35.60
12 7103 - 25.57 3863
13 — 1000 — 2978
14 100.0 — — 5033
15 — — 100.0 140.60

"The authors state that the composition unit is g H,0/100 g solute. The compiler’s opinion is that this is
composition unit is g/100 g solute. B
“This is an obvious error. The correct values a

: —- for urca and 97.10 for NH,NO; (compiler).

Auxiliary Information

2 typographical error and the

Method / Apparatus / Procedure: Source and Purity of Materials:
An isothermal method was used. Equilibrium was checked by No information is given.
repeated analysis.

Estimated Error
The temperature was kept constant o within 0.1 K.

:1:14 B
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Components

(1) Ammanium dihydragenphosphate: NH,H PO,

[7722-76-1]

(2 Urea. CHyN0; [57-13-6]

(3) Ammonium nitrate; NH,NO ;. [6484-52-2]

(4) Water; H,0; {7732-18-5]

Originsl Measurements:

L. M. Kaganskiy, A. M. Babenko, Zh. Prikl. Khim. (Leningrad)

43, 742-9 (1970).

Variables:

Temperature and composition

Prepared Ry:
1. Eysseltovd

Experimental Data

No. 1 (10% NH{NO; + 90% H,0)-urea-NH,H,PO,
Noo 2 {20% NHyNOj + 80% HyO)--urca~NH H,; PO,

Na. 3 {30% NHyNO; + 70% H;0)-urea

NH,H,PO,

No. 4 (40% NH,NO; + 60% H,0)-urca—NH;H,PO,

z

0. 5 (S0% NH,;NO, + 50% H,0)-urea~NH,H,PO,

No. 6 urea-NH,H,PO,~H,0

Six sections through the sysiem were investigatcd. The sections are:

Solubility data for saturated solutions in the NH;H; PO, ~NH,NO;-urea-H, 0 system
Seet NH,H,PO, NH,NO, CO(NH,), H0 Solid
o 100, m? 100w, mp 100w, me 100w, 1°C phase”
| 10.0 107 9.0 14 —_ — 81.0 =58 A+B
1 9.2 11 817 1.39 9.08 2.06 73.55 -9.0 A+B
1 ®.2 1.1 7.34 1.39 18.36 4.625 66.1 —1L5 A+B
I 74 11 6.48 139 21.718 7.928 58.34 —145 A+B
i 8.0 14 5.52 139 36.8 123 49.68 =25 A+B
I 9.5 2.03 4.52 139 45.25 18.50 40.73 18.0 B+C
! 34 0.51 632 138 20 ana 5298 —14.4 AtC
i - —_ 6.74 1.39 326 8.95 60.66 =142 A+C
I 70 1l 6.14 1.39 316 9.52 55.26 -153 A+B+C
2 5.1 0.58 18.98 3123 —_— —_ 7592 —85 A+B
2 s 0.65 17.08 3123 9.49 231 68.33 -120 A+B
2 4.7 0.67 15.24 3121 19.06 5.202 61.0 -140 A+B
2 a1 0.67 1342 3121 28.77 8919 5371 -16.5 A+B
2 50 095 11.4 312 38.0 13.9 45.6 -390 B+C
2 6.7 16 9.33 312 46.65 20.81 37.32 180 B+C
2 345 0.572 13.11 3.123 31.0 9.84 5244 ~17.6 A+C
2 — — 137 312 314 9.52 549 -175 =<
2 4.0 0.67 13.0 312 310 9.93 520 =174 A+B+C
3 3.1 0.40 29.07 5354 —_ —_ 67.83 -5 A+B
3 32 0.46 26.13 5352 9.68 264 60.98¢ —14.0 A+B
3 2.6 041 2337 5.352 19.48 5.946 54.54% -17.0 A+B
3 25 0.45 20.475 5.3538 29.25 10.19 41.775 -202 A+B
3 35 075 17.37 5.354 38.60 15.86 40.53 —~1.0 B+C
2 46 12 1431 5354 477 218 3330 10.0 B4C
3 21 0.38 20.37 5.354 300 10.5 47.53 =203 A+C
3 _— — 2094 5354 302 10.3 48.86 -208 A+C
3 20 0.37 20.1 5.35 310 11.0 46.9 =203 A+B+C
4 LS 0.22 39.4 8.33 —_ — 59.1 =155 A+B
4 1.5 0.25 35.46 §.328 9.85 3.08 53.19 —18.1 A+B
4 15 0.28 31.52 8328 19.7 6.94 4728 -214 A+B
4 115 0.241 27.67 8.323 29.65 11.89 41514 -195 B+C

4 25 0.62 234
4 — —_ 284
4 12 0.25 28.0
5 L5 0.27 49.25
5 145 0.28 4434
5 12 0.26 39.52
5 0.75 0.19 34.73
5 1.5 0.44 29.55
5 — — W60
5 08 0.2 356
6 16.8 1.76 —_
6 152 173 —
6 3.0 1.62 —_
6 18 1.66 —
6 132 220 —
6 14.5 2.94 —_
6 69 0.97 _
6 — — —
6 10.0 1.45 —

833

8.31

8.37
12,49
12.49
12.49
12.49
12.49
[EX
125

39.0 185 351 16 B+C
289 113 427 ~245 A+C
290 1.6 418 -236 A+B+C
— — 4925 -40 B+D
9.85 3.70 44.34¢ -95 B+D
19.76 8.325 39.52 -16.5 B+D
29.77 1426 3473 -205 B+C
394 22 29.55 6.0 B+C
1|0 120 36.0 —250 C+D
280 13.1 356 -224 B+C+D
— - 83.2 -40 A+B
8.48 185 7632 -65 A+B
17.4 4.16 69.6 -9.0 A+B
26.46 7.136 61.74 -130 A+B
347 11 52.1 -20 B+C
“42.7 16.6 azy 1.2 B+C
310 8.31 62.1 -128 A+C
330 820 67.0 ~108 A+C
29 828 60.1 ~138 A+B+C

*The compiler calculated the molalities as mol/kg H,0 values.

®The solid phases are: A = ice; B = NH,H,PO,; C=CO(NH,);; D=NH,NO;.

“The solid phase is not specified. The compiler thinks it is A-+C.

“For these data the sum of the components do not equal 100%. The compiler's calculations were made on the assumption that the values
for the salt contents are correct and the source of the eror is the value for the water content,
“The authors give 26.0 for this value. The compiler thinks this is a typographical error and the correct value is the one given here.

Auxiliary Information

Method / Apparatus / Procedure:
An improved polythermic method was used.!

Source and Purity of Materials:
Reagent grade or chemically pure materials were recrystallized
twice and dried at 60 °C,

Estimated Error:
No information is given.

References:
'L.N. Erayzer, LM. Kaganskiy, Zavod. Lab. 1, 119 (1967).
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Components Original Measurements:
A. N. Sarhacv, E. V. Polyakov. A. Kh. Ruchkovu, Z. A.

Polyakova, M. F. Tyunina, L. . Gushchina. Khim. Prom.

Original Measurements:
(1) Amznonium dibydrogenphosphate: NH 1 PO,: A, G. Bergman. A, A. Gladkovskaya, R. A. Gatushkina, Zh.

Components
(1) Ammonium dihydrogenphosphate; NH,H;PO,:
(7722761}

06€1
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1227001 Nearg. Khini. 18, 1978-80 (1973).
0 Uons CHNCO 18T 1V A

(4 Patssiv dilydeasenphosphate: KELPO,, (777877 01

GO Waier, HLOL [ 77329808

(2) Urea: CH,Na0: [57-13-6]
(3) Porassium chloride; KCI; [7747-40-7]
(4) Water; Hy0: [7732-18-5]

(Mowow) 48 50741 (1077)

Variables: Prepared Byv:

Composttion s emperatone

1. Eysselovi

Variables: Prepared By:

Composition, temperature and boiting points al pressures of 1. Bysseliovd

20-760 mm Hg of samples containing & N:P:K ratio equat o

(HA
Experimental Data
Vo swetivns rough 1he system were investigated. The sections are:
Experimental Data
No | (45,51 NILHLPO, § 54.19% KH,PO,) urea - water, Part 1. Solubility in the NH,H;P0, ~CO(NH,),~KCi-H,0 system at the ratio N:PIK = 1:1:1
No 2 (71724 NHHPO, + 2828% KHLPOL) - urea- wate y
PO, KL e water Total salt CO(NH,)* NH,H,PO,* KCr H.O*
No. 3 (05,70% NHHLPO, 1 34.30% urea) KH,PO, - water, . : N *
g e 100w, 100w, m; 100w, m, 100w, m 100w
No. 4IRS 8% NRALPO, 1 1382% urea) KH PO, waler. ' ' !
10 247 427 0.945 135 156 6.93 1.23 75.3
Solubilits data for satsrated sotutions in the urea- NH HPO, - KHPO - H,0 system 2 204 508 120 (6.1 1.98 825 157 706
30 330 7
Seut [ NH, 1L PO, KH.PO, H,0 Sotid 3 3 ﬁ‘ 142 180 234 9:26 183 il
o T ! 1w, e 1004, m 100w, e phases® 40 360 6.2 1.62 197 267 10.4 212 64
50 390 675 184 203 204 109 241 61
| (B 3% 9.3 104 1oa 104 77.80 +6.4 A+B+C 60 42.3 7.32 211 231 348 "9 2.76 517
1 A0 ERT) ROD .80 9.54 0.86 K090 41 A+B+D 0 45.7 791 242 250 4.00 12.8 117 541
i 200 x4 €23 .73 137 073 78 ~80 e 20 196 2.58 283 71 467 119 270 S04
' Ao [REH 486 085 574 085 494 +8.0 C+F+G 90 53.5 9.26 33 292 5.4 5 4
1 1280 e 420 0.02 5.00 063 5800 -6.0 CHE+F 100 '57's 9' . 46 130 433 965
I 2540 w50 o8 140 062 140 55.00 “18D C+D+E B 92 396 4 041 16.1 509 382
19 618 107 4.66 338 7.68 17.3 609 382
N Lo 0% A 207 %40 69.10 194 A+B4C 120 66.7 1"ns 577 6.4 951 18.7 754 333
2 140 0.2 [EREY 1.58 5.60 78.60 5.5 A+B+D 130 725 125 7.59 396 125 203 992 215
2 2050 0.7 190 1.57 4.30 60.30 -84 8-C+E 140 79.8 38 1.4 436 18.8 224 149 20.2
N 200 908 @32 1A7 308 S5.00 =70 C+E+F
p S 12K8 K65 1Al 335 5300 96 CH+F4G “These values were calculated by the compiler. The molalities are exppressed as molrkg H,0.
2 24,00 €72 10.40 148 410 60.90 ~16.00 B+D-E
3 IRE 117 247 a7 4.20 0.50 61.60 +26.5 A+B+C
\ 0,82 145 1248 145 6.50 0.64 74.50 -80 A+B+D
1 ER 1052 2470 315 3.00 0.32 68.00 +17.0 A+B+C
4 270 in 1570 174 350 0.32 78.10 -5.2 A+B+D

"The compiler caleulated the malalities as mol/kg HyO valaes.
Plhe sohid phases arer A - - NHILPOL B = (0-NHLKH, PO, C = (8-NHKIH PO D = ives
y-uren

= o-urea; F = Bourea; G =

[

Auniliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A visual polythermic niethod was used.! Solid carbon dioxide

was used s the conling agent

Chemicalty pure salts and bidistilied water were used.

Estimated Error:

No information is given

References:

'A. G. Bergman, N.P. Luzhnaya, Fiziko-Khimicheskie Osnovy
(rucheniya  § Ispol'zovaniya  Solyanykh orozhdeniy
Kblorid-sut fatnogo Tipa. Moscow, IAN SSSR. 1951.

Z
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Pat 2. Compossinon and hotling ponts of saturated solaons - the NILILPO, COMNHy), KCE HO system at the rauo

N:PK - EE

Press Total state NH,H, PO, Ker H,0* b

mm He 10, 100, m, 100w, m, 100w, °C
0 Mo 532 135 174 223 895 176 68.1 267
5t M6 6. 166 200 274 103 217 634 a8
100 412 713 202 25 an Ho 264 588 56.9
150 442 7.05 228 242 376 124 298 558 65.7
200 470 £13 255 25.7 42t 132 334 53.0 73.0
250 9.0 §.4% 277 268 436 137 162 510 787
300 50.9 481 299 278 192 143 390 49.1 836
350 520 9.1 320 27 5.27 128 4.18 474 879
a0 542 9.3 341 206 5.62 152 445 45.3 918
450 557 9.64 362 30.4 597 15.6 473 44.3 954
56.9 984 380 3L 627 16.0 497 431 98.5
s79 100 396 e 6.53 16.2 ERE 421 100.9
59.1 0.2 416 23 6.86 166 544 409 103.6
600 10.4 432 2R 712 16.8 565 400 105.7
aLo 1.6 450 13 743 171 5.89 39.0 108.0

62.2 10.8 474 340

*These values were caleulated by the compiler. The molaities are expressed as malfkg Hy0.

Auw

782 175 6.19 7R 110.6

liary Information

Method / Apparatus / Procedury
A viswad pulythermic method was used at temperatures elow
50°C. Supersatration was provented by seeding. Above 50°C
a synthetic methud was used.! ¥ The sumples were placed in
wlns ampules and placed in an air thermostat where they were
rotated at 3 rpm. They were observed through a glass window

i the thermostat, A self’ constructed apparaws based on the

pranviple dercrrhed chashers? s uned.

Source and Purity of Materials:
Reagent grade NH,H,PO; (GOST 0691-67) and urca (GOST
3771-64) and chemically pure KCI (GOST 4234-69) were used.

Estimated Error:

With the visual-polythermic method the difference between the
temperature of dissohition of the fast crystal and appearance of
the first crystal was less than + 0.5 K. Above 50°C the
temperature hud a precision of 0.4 K. No other information is
given.

References:

V. F. Alekseev, Zh. Russ. Fiz-Khim. Obshch. 8, 329 (1876).
2E. S. Lebedeva, S. M. Khodeeva, Zh. Fiz. Khim. 35, 2602
1961},

. R. Krichevskiy, N. E. Khazanova, L. P. Liushits, Zh. Fiz.
Khim. 31, 2711 (1957).

a, Gorolot: V. M. Olevskiy, R. P. Levitanayte, Zh. Fiz.
Khim. 38, 2874 {1964).

Components Evaluator:
(1) Ammonium dihydrogenphosphate; NHsH,PO4: J. Eysseltovd, Charles University, Prague, Crech Republic
[7722-76-1] Scptember, 1995

(2) Ammonium nitrate; NH,NO; [6484-52-2]
(3) Water; Hy0; [7732-18-5]

Critical Evaluation:
7.4. NHH,PO,~NH,NO,-H,0
Solubility in the NH,H,PO,~NH.NO,~ H,0 system has been reported in nine papers.'~* Figure 16 shows the data of some of
these papers as well as the related data of two papers in which the title system was studied as a boundary of a multicomponent
system.'™ " According to Figure 16, the data of Tudorovskaya and Margolis'® for solutions sawrated with both NH,H,PO, and
NH,NO; scetn to be in ercor when compared with the rest of the data.
Solubility isotherms have also been reported at temperatures higher than 100 °C. Fridman et al.* presented a network of isotherms
and 2 smoothing equation (1)
x=a=tb (1)
where .t is the mass % water, 1 is the temperature, ad 4 and b are constants. No temperature imits are given for the validity of
this equation. The results of Fridman can be comparcd with those of Varlamov ef aL® for the region 140-170 °C and those of
Margolis and Glazova® at 100 and 110 °C. The agreement is nol good. The values reported by Varlamov, et al." and by Margolis
and Glazova® show a slightly higher water content than do those of Fridman, et al.* Some investigators*® report the existence of
anhydrous solutions in the regions rich in NH,NO,. Varlamov et at* paid special aention to the solubility values in these areas
The evaluator attempred to compars the fsothermis of Bergman and Bochharev !~} with valuca coloulated uiing Eq. (1), The
agreement was very poor. More experimental work is needed to resolve these differences.

20 T T T T

mass 7 NH4H2PO4
o
S J

®
‘_‘lboooA [55?

(¢} 40 60
mass 7 NHsNC,

80

FIG. 16. Solubility in the NH.H,PO,~NH,;NO;-H,0 system.
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Refer
P, F. Bochkatey, Tr. Vostoch.-Sibir. Gosud. Inst. 3 (1935).

IA. G, Bergman. P. E. Bochkarev. Zh, Priki. Khim. (Leningrad) 10, 1531 (1937}

Bergman, P. E. Bochhatev. brv. Akad. Nouk SSSR, Otd. Mater. Fstestv. Nauk 237 (1938).

5. 1. Tridman, N. N, Palyakov, LS. Skum, R. Ya, Kirindasova, Khim. Prom. (Moscow) 43, 206 (1967)

S G, Margolis, T. V. Glasova, Isfedovaniya po Khimii § Tekhnologii Udobreniy, Pesticidov i Soley, Moscow 82 (1966).

“Ya. S, Shenkin, S, A, Ruchnova, A. F. Shenkina, Zh. Neorg, Khim. 13, 256 (1968).

Ya. S. Shenkin, . A. Ruchnova, A F. Shenkina, Zh. Prikl. Khim. (Leningrad) 43, 1163 (1970)

M. L. Varkmos, L M. Kaganshiy. | A, Kashcheeva, G. A, Manakin, Zh. Prikl. Khim, (Leningrad) 46, 2767 (1973).

%G, A Somma, LT Besdyudova, £ V. Mushkina, G. M. Koslovskaya, Yu. V. Tsekhanskaya, Zh. Prikl. Khim. (Leningrad) 57. 947
(1987).

1061 Tudotvshaya, . G Margotis, Khim. Prom. (Mascow) 42. 678 (1966).

UL M. Kaganshiy, A. M Babenko, 70, Prikl. Khin (Leningrad) 43, 742 (1970).

Components Original Measurements:
(1) Ammonium dihydrogenphosphate: NH,H,PO,; 1. P. F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst. 3-22 (1935),
(7722-76-1] 2. A. G. Bergman, P. F. Bochkarev, Zh. Prikl. Khim. (Leningrad)

(2) Ammonium nitrate; NH{NO; {6484-52-2]
(3) Water; H,0: [7732-18-5)

10, 1531-60 (1937). 3. A, G. Bergman, P. F. Bochkarev, lzv.
Akad. Nauk SSSR, Otd. Mat. Estestv. Nauk 237-66 (1938).

Variables:
Temperature and composition

Prepared By:
L. V. Chernykh and J. Eysseltovi

Experimental Data
Solubility in the NH,NOy—NH,H,PO,- H,0 system

NH,NO; NH,H,PO, H,0 Solid
comp* 100w, moi/kg® comp® 100w; mol/kg” comp® 100w, phase*
femp=~10°C

100 212 47 0 00 0.0 11885 728 A
RS 1 ”n TR 140 €S 017 1745 8 728 AR
916 288 53 84 38 05 9519 674 B
95.9 389 83 4.1 24 04 642.6 58.7 B
9.1 450 106 29 2 03 5072 s3 B
97.3 456 108 27 18 03 498.3 526 B+C
100 470 1. 0 00 00 5012 530 c
temp=0°C
0 0.0 0.0 100 18.4 2.0 1830.6 g6 B
50.5 R¥ 1.4 495 124 14 1986.4 78.8 B
7.3 183 3 237 82 10 2360 735 B
89.5 28.6 54 105 48 0.6 926.6 66.6 B
94.7 387 83 53 3.1 05 6336 582 B
96.4 449 106 36 24 04 502.6 527 B
91.5 490 125 25 19 03 4339 491 B
98.0 512 15 20 15 03 4020 413 B+C
100 53.6 14.4 0 0.0 0.0 384.5 46.4 C
temp=10°C
00 00 00 100 214 24 23457 786 B
4375 84 14 5625 155 18 1760 76.1 B
72.1 180 31 279 10 12 1280 7 B
814 235 43 18.6 7.7 10 10579 683 B
80.7 28.1 3.3 133 0.z us 3y 03/ B
930 382 83 70 41 06 6244 517 B
95.5 446 106 45 3 05 4988 524 8
970 483 124 3 22 04 4324 49 )
9.0 541 153 20 16 03 3564 443 B
986 580 178 14 12 03 308.2 408 B+C
100 596 18.4 0 00 00 3016 404 c
temp=20°C
0 00 00 100 255 30 1862.7 745 B
383 8.1 14 617 1838 22 1536.7 731 B
61.4 17.5 34 326 122 15 1200.6 703 B
831 216 54 169 8.t N 860.0 643 B
862 305 6.1 133 7 1.0 733.1 625 ]
91.5 379 83 85 5.1 0.8 612 57 B
94.5 443 10.6 5.5 37 0.6 493.3 52 B
96.2 48.6 12.5 3s 28 0.5 427.6 48.6 B
97.2 538 15.3 2.8 22 0.4 3534 a4 B
o1 500 187 " s 04 012 s B

ceel
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98.% 64.0 230 1.2 1.2 0.3 2388 348 B~C

1o 65,1 233 o 0n 00 2383 349 C
temp=30*C Components Original Measurements:
0 06 06 o0 0.2 38 14786 6.3 B (1) Ammonium dihydrogenphosphate; NH,H;PO,: S. D. Fridman, N. N. Polyakov, L. S. Skum, R. Ya. Kirindasova,
3.0 78 14 67 227 28 13122 69.5 B [7172276-1] Khim. Prom, (Moscow) 43, 206-8 (1967).
017 16.0 s 8.3 1.51 19 1035 68.0 B g; CJ’“"""“}‘{”'(“)“{';’;;; If“g“;]NO-‘? [6484-52-2]
791 2049 54 209 103 14 8202 62.8 B ater O -
w7 7S 8.3 10.3 6.2 10 598.7 56.3 B Variables: Prepared By:
ot AL on hh 45 08 AB7.9 SL6 B Temperatwe and wompositive. 1. Eyssclové
5.1 ax.2 139 4% 85 06 4242 435 B
9% 5 53 33 27 05 3518 93 B
67 53.5 ! Experimenta] Data
917 SRR 18.7 23 2 04 289.7 39.2 B ) _
The temperature of disappearance of the last crystal is reported as a linear function of the water content of the saturated solution,
9K 6x.7 285 1.2 1.2 0.3 1925 30 B+C Eq. (1):
100 a7 .7 1] 0.0 00 193.1 30.3 C r=a—b(100w;) )
The compoition wait i Mol 100 mol solute, The values of the constants a and b depend on the NH,H,PO,/NH,NO, ratio only and are given in Table 1.
FThe molahties were caleulated by the compilers. Table 1. Values of the constants a and b in Eq. {1}
“Tlhe solid phases arer A -ive; B NHHLPO,: €= NHLNO,
Mhe compiters helieve these are crroncous, the proper values being 3.5 and 483, respectively Relation Relation
NH,H,PO,/NH,NO, a b NH,H,PO,/NH,NO; a b
NOTE: These data are yiven i source paper (1) and repeated in source papers (2} and (3). The diff are due to
erron. 10:90 155.0 2.08 55:45 182.5 212
20:80 170.5 212 70: 30 1885 233
Fn addition 1o the ahove dat ev paper (1) alio containe tha following i abaout the ion and inath 20.70 176.0 212 50 . 20 1.5 2.45
temperature of solutions saturated with 1wo or three solid phases 42:58 180.5 212
NHNO, NH;H,PO; H0 Solid NOTE: The solubility isotherms were derived from the experimental data
comp’ 100w, molfkg” comp® 100w, molikg” comp® 100w, 1°c phase®
Table I1. Solubility in the NHyH, PO~ NH,NO,~H,0 system
0 0 o 100 174 183 3036.4 826 —-44 A+B
218 27 041 7.2 141 147 2960.3 832 46 A+B NH, H,PO, . NH,NO, : H,0
554 9 1 446 0.4 112 2149 806 -63 A+B 100w; asifunl kg Tt 100w, mifwol kg 100w,
00,4 12 19 336 88 0.97 1945.1 79.2 -69 A+B N
#0.3 186 T 137 66 0.77 1436.7 a8 -9.0 A+B temp=100°C
92.1 290 ﬁiu '7vq \‘ﬁ 0.46 ‘);1 9 {7v4 12.9 A+B I 246 663 318 !
903 o1 K2 a7 22 0 1; 6126 ;x 7 159 A+B 154 352 333 02 B
‘)7‘ 2 4.;‘« m>7~ ﬂix :x 0,1[-7 5%‘4 s 1.|. B+C 192 464 48 123 0
«17; 40: 125 2 |> u“v 439.4 ~32 B+C B85 998 186 613 379
. - o 22 B 28 e . 50.4 1.8 12.6 425 37.0
984 54.2 15.2 16 13 025 359.1 445 5.2 B+C .
98.5 9.3 18.8 15 13 029 2908 394 14 B+C temp=110°C
100 » 47 9.3 0" n" 0' s%.x 57 3 16‘4 A+C 9 32 08 as 213
983 4; 1 x:w 1.7 1.0 0.15 -5157 57‘;) 16'3 A+C 143 438 513 .2 B4
wms 41»\ xdu 1.5 zvl nAv cn‘e 57‘6 - Iﬁ.;i A+B+C %7 37 82 194 a
- - o ’ e - - 280 731 387 145 13
362 9.23 29.7 109 341
“The composition unit is; mol/100 mol solute, 403 (22 19y /.40 330
"he molalities were calculated by the compilen 53.6 14.1 134 5.07 33.0
“The solid phases are: A=ice: B=NHH,PO,: C=NH,NO, temp=120°C
“This is an ohvious crror, The compilers” caleulations are based on the 100w, values 83 437 752 569 165
" ) 153 564 61.1 323 236
Auxiliary Information
220 722 515 243 26.5
Method / Apparatus / Procedure: Source and Purity of Materials: 0.0 915 415 182 285
A visual polythermic method was used, Chemically pure materials were recrystallized before use, 8% 1.5 318 13.5 29.4
Estimated Error: 49.4 146 212 9.01 294
No information is given. 56.8 170 14.2 6.2 290
temp=130°C
88 6.5 794 84.1 11.8
16.2 741 64.8 42.6 190
235 9.37 547 314 218

S31H3S V.LVA ALITIANTOS LSIN-OVdNI

£6E1



8661 ‘9 'ON ‘/Z OA ‘B}eQ "JoH "WwayD "shud P

20
a1s
524
6008

93
172
219
KRR
430
555
63.4

98
181
263
359
466
599
66.6

19.0
27.7
39
491
615
69.8

20.0
29.1
399
510
644
730

419
54.3
67.4
76.2

1.6
14.7
8.2
2097

1n.s
6.5
127
153
19.1
23.3
265

8.7
16.6
184
215
265
36.2
345

344
30.9
33.6
399
438
474

869.3
87.2
68.0
67.3
70.0
729

12141
363.1
1583
140.9

15.02
temp=140 °C

83.7

68.6

8.0

469

36.0

238

15.8
temp= 150 °C

880

724

61.3

49.6

38.1

257

16.6
temp=160 °C

76.2

64.5

523

40.2

263

174
temp=170°C

798

68.0

55.0

423

276

183
temp=180°C

57.8

4.4

29

19.1

230

17.2

112
7.535

149.4
60.3
424
30.5
25
144

949

499.7
95.2
61.8
42.7
31
223
123

198.3
103.3
66.7
46.9
26.9
17.0

4984.5
2929
1347

80.1
431
26.3

24068
426.7
97.6
50.8

239
246
25.1
24.9

7.0
14.2
17.4
19.2
20.0
20.7
20.8

22

124
14.5
15.3
144
16.8

48
7.8
9.8
10.7
122
i2.8

“Ene molalities were calculated by the compiler.

NOTE: For ail these solutions, NH,H,PO; was the equilibrium solid phase
Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used.

Source and Purity of Materials:

No information is given.

Estimated Error:
The precision of the temperature of disappearance of the last
crystal was = 0.5 K.

Components

(1) Ammonium dihydrogenphosphate; NHyH PO

[772276-1]

(2) Ammonium nitrate; NHyNO;; [6484-52-2]

(3) Water: H,0; [7722.18.5]

Original Measurements:

. Ya. 8. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg,.

Khini. 13, 256-9 (1968). 2. Ya. S. Shenkin, S. A. Ruchnova, A,

P. Shenkina, Zh. Prikl. Khim. {(Leningrad) 43, 1163-4 (1970).

Variables:

Temperature and composition at 0.13, 0.5 and | atm.

Prepared By:
J. Eysseltova

Experimental Data

NH,NO, NH,H,PO, n,0 Solid
100w; mdmol kg™'? 100w; myfmol kg™ 100w, bp.oC phase®
press.=0.13 atm

—_ — 45.81 735 54.19 55.6 A

821 1.83 35.64 5.52 56.15 58.7 A
2336 543 22.92 amn 53.72 593 A
37.35 9.57 13.88 247 48.77 59.3 A
41.24 1054 9.88 1.76 48.88 61.1 A
47.85 13.38 7.48 1.46 44.67 62.9 A
59.17 21.16 590 1.47 34.93 64.5 A
60.43 21.81 496 1.25 34.61 714 A
63.00 2577 6.46 1.84 30.54 67.5 A
65.19 2841 6.15 1.87 28.66 68.4 A
68.55 3240 502 1.65 26.43 69.4 A
7293 43.16 5.96 245 2111 772 A
75.70 48.32 473 210 19.57 792 A
76.47 5397 SR 7 R4 17.70 87.2 A
79.42 58.74 3.69 1.90 16.89 805 A
81.37 79.23 5.80 3.93 1283 89.5 A
83.80 105.42 6.27 549 9.93 847 A
87.03 253.43 8.68 17.59 4.29 874 A+B
91.74 138.75 _ — 8.26 86.0 B

press.=0.5 aim

— — 59.90 1298 40.10 853 A

835 253 5035 10.60 4130 89.4 A
16.19 5.08 44.01 9.61 39.80 89.9 A
16.83 5.36 43.98 9.76 39.19 Q6 A
25.05 7.67 34.16 7.28 40.79 916 A
28.89 8.87 30.40 6.49 40.71 915 A
33.60 10.52 26.50 577 39.90 924 A
44.19 1395 16.23 3.56 39.58 94.0 A
46.36 1639 18.31 4.51 3533 95.3 A
56.68 2276 1221 341 31n 96.0 A
52.45 1280 12.86 LX) 34.60 97.6 A
59.94 2586 1.1 334 28.95 99.7 A
66.01 3351 9.38 ki 24.61 1013 A
68.12 3727 9.05 3.45 22.83 104.0 A
71.33 46.46 9.49 4.30 19.18 109.4 A
73.30 50.79 8.67 4.18 18.03 109.5 A
76.53 61.09 7.82 4.34 15.65 1155 A
78.04 76.22 9.17 6.23 1279 1174 A
78.67 94.68 10.95 9.17 10.38 1255 A
79.65 145.04 13.49 17.09 6.86 1384 A
78.65 152,33 14.90 20.08 6.45 139.5 A

veel
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79.200
ELAK]
77.02
4108
3340
2840

7.30
1274
1647
2525
33.69
39.63
40.35
45.48
5105
5482
59.35
61.32
64,80
0667
«T7m
(B
.75
69.33
09.61
61.7%
6R.32
61.9%
60.96
RUAl

1o AT
17649
198,38
18036
14795
186,73

an
5.35
700
10.57
1450
1001
1723
20,26
2405
27.41
368
3883
4385
5163
s
7101
98.00
121.9%
12743
125.63
150.52
146,64
EXYRES
148,50

1482
16.34
K13
56.21
64.38
6970

70.95
6296
7.3
5414
4490
37.29
309
30,39
2648

2191
2568
249
16030
25200
RIEE ]
press.~ 1 atm
2123
18.40
16,72
16.01
13.08
117
9.23
9.03
.21
7.44
7.3
641
835
788
9.27
10.31
13.56
2091
28.86
29.93
32.86
39.88
53.90
146.27
152.19

588
553
4.85
27
222
1.90

29.05
29.74
2984
29.39
29.85
2902
2928
29.26
28.04
2637
2498
23.40
19.73
18.46
16,13
14.1
1213
8.88
7.10
6.84
6.74
567
528
219
329

46,0
13
150.0
1713
173.4
183.0

109.0
1104
1118
Le
1128
1144
1158
116.3
1174
9.2
121.4
125.6
1229
127.2
1259
135.2
140.8
148.0
1515
1535
156.1
157.7
161.7
166.2
179.0

> >

> > > >

PR PR BB R>>P PP PPP P> P>P P PP

“Ihese vadues were caleulated by the compiler.

“The solid phases are: A= NHH,PO,; B=NH,NO;.

Compiler's Note: The dawa at 0.13 atm were published in source paper 2. The rest of the data were published in source paper 1.

ary Information

Components

(1) Ammonium dihydrogenphosphate: NH,H,POy;

772276-1}

(2) Ammonium nitrate; NH,NO; [6484-52-2

(3) Water; H,0; [7732-18-5]

Original Measurements:

M. L. Varlamov, L. M. Kaganskiy, [. A, Kashcheeva, G. A
Manakin, Zh. Prikl. Khim, (Leningrad) 46, 2767-9 (1973)

Variables: Prepared By:
Composition at 140-170 °C. 3. Eysseltova
Experimental Data
Solubility in the NH,H,PO,~ NH,NOy-H,0 system
NH,NO, NH,H,PO, H,0 Solid
100w, mmol kg™!* 100w, m/mol kg™ 100w; phase®
temp=140 °C
8830 208.12 8.00 1879 370 A
83.90 143.57 8.80 10.48 7.30 A
7750 80.68 10.50 761 12.00 A
66.40 4879 16.60 849 17.00 A
56.00 3413 2350 9.96 2050 A
45.10 25.38 3270 12.80 220 A
92.00 383.09 5.00 14.49 3.00 B
temp=150°C
|80 xx© 1.0 aoNE B
97.02 612.12 1.00 439 198 B
89.82 5610.25 9.98 4376 0.20 B
83.0 Xx¢ 17.0 XX A
81.88 143.66 11.00 13.43 712 A
84.29 299.99 12.20 30.21 3.51 A
7040 7329 17.60 1275 12.00 A
59.00 49.14 26.00 1507 15.00 A
4790 33.06 34.00 16.33 18.10 A
temp=160 °C
954 XX 4.6 XX° B
80.0 XX 200 Xx¢ A
78.40 612.12 20.00 108.66 1.60 A
75.07 299.61 21.80 60.54 313 A
64.00 9297 27.40 27.70 8.60 A
50.70 5067 36.80 2559 12.50 A
42,00 34.98 43.00 2492 15.00 A
temp=170 °C
66.0 XX¢ 34.0 XX* A
63.11 239.63 33.60 88.78 329 A
46.35 79.32 4635 55.19 730 A
5510 137.66 39.90 69.37 5.00 A

Method / Apparatus / Procedure:

The saturated solution and solid phase were placed in
three-necked boule. A thermometer was placed in one neck. In
another nock thors was « twe parallel reflux condonnor

After

connected o a di

phases were sampled with 4 filter pipet which was placed in
the third neck of the flask. Nitrogen content was determined
by the Kjeldahl method, phasphorus by the pyrophosphate

Source and Purity of Materials:
All materials were of chemically pure grade and were
recrystallized twice from water.

the

methad (probably weighed as Mg, P,0;—compiler) and water

by the iadine

ate method {no details given).

Estimated Error:

No information is given.

*The molalities were calculated by the compiler.

SThe solid phases are: A=NH,H,PO,: B=NH,NO;.
“The molalities cannot be caiculated because the liquid phase is anhydrous,

Auxiliary Information

Method / Apparatus / Procedure:

A modified polythermic method! was used, where heat inertia
of the system was eliminated. The compiler assumes that the
isotherms were derived graphically from experimental resulls.

Source and Purity of Materials:

Chemicaily pure or reagent grade salts were recrystallized twice
and dried at 60 °C. They were further dehydrated with absolute
ethanol. They were analyzed for nitrogen (both NH, and NO; ™)
and P,05 (no details are given). The m.p. of NH,NO, was
checked as 169%0.2 °C.

Estimated Error:

The difference between the temperature of appearance of the first

crystal and disappearance of the fast crystal was 1-3 °C.

References:

'L. N. Erayser, 1. M. Kaganskiy, Zavod. Lab. 1, 119 (1967)

SAIYIS Viva ALITENT0S LSIN-OVdNI
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‘The compiler has calculated the following d;

Components

(1) Ammonmm dibydropenphosphates NELTLPO,: G. A, Sorina. L. L Beslyudova,

17022 7% 1)

(21 Asumonium mtrate; NFLGNO G [6489 §2.2]

Original Measurements:

V. Mushking, G. M.
Koztovshaya,  Yu. V. Tschhanskaya, Zh. Prikl. Khim.
(Leningrad) 57, 974-7 (1984)

(3 Water: HL: 7732 18 5]

Variables:

Temperature and vomposition at the mol rato of NAP,OC -1

Prepared B
J. Eysacliova

Experimental Data
Two aets of data are given.
Set 1
Sosbliy e NIGHIPO - NILNO, 310 aystcn at s el vt NEO5— 1

Sotute NHNO # NHHPOS® H,0
"e iy 5 100w, 100w mdmol kg ! 1005 mymol kg™! 100w
208 30.0 17.6 14 124 1.54 70.0
480 K00 234 487 16.6 241 60.0
725 SO0 .3 7.32 207 360 50.0
94.5 6.0 352 11.0 248 40.0
06,5 70.0 410 171 250 300

These data were valeutaed by the compiler

Ausiliary Information

Methad / Apparatus / Procedure:

A visual pulythersie method was wsed. were used

Source and Purity of Materials:

Chemiically pure salts and distilled water

imated Error:
Precision of temperature of disappearance of last crystal was
*0.1 K.

Set 2
Solubitity in the Nit,H,PO, -~ NH;NO,-H0 system at a mol ratio N/P,O5

Soln Solute De Viscosity
1o, e 100w + 100w, (gfem) (cp)

1 200 30.0 1.146

2 300 a6 1159

3 400 371 1an

4 50.0 40.9 1.189

5 an.0 4.8 1.206

6 700 489 1.224

7 500 532 1243

3 9.0 515 1.264

Soln NH,NO, NH,H,PO, H,0
no. 100w, m/mol kg ! 100w mfmol kg ! 100w
1 176 314 124 1.54 70.0
2 197 370 19 1.82 66.4
3 217 432 154 212 629
4 240 507 169 249 59.1
5 263 5.94 185 292 55.2
6 287 7.01 202 344 s11
7 a2 8.32 20 4.09 46.8
8 9.9 238 487 425

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used. The density was
measured by the use of a self-constructed pycnometer.
Viscosity was measured with a standard capillary VPZH-2
viscometer (solutions more ditute than 50%) or a viscometer
according to Golubev.!

Source and Purity of Materials:
Chemically pure salts and distilled water were used.

Estimated Error:

Precision of temperature of disappearance of last erystal was
*0.1 K; of density was £0.310 g/em’; of viscosity was = 2%
(conen<50%) and +7% (more concd solas).

References:

'L, F. Golubev, T. M. Potikhova, Tr, GIAP, Moscow, ONTI pp
67-80 (1971).

96¢1
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Original Measurements:

(0 Ammuonam dibyedrogenphosphates NH, PO, R. Kimmel, R. Fuhsl, Z. Anorg. Allg. Chem. 402, 305-11
1217000 . Y73

{23 Ammonium trate: NHGNO @ [6484 5221

31 Urea mitrate: COINI - HNO [176K7-37-5]

) Urea phosphitte; CONNFL) -1 PO,z [4861:19-2]

£5) Waters 1,00 {7732 1.5

Components:

Variables: Prepared By:

Comprsion ai 20 and 36°C, 1. Eyssehova

Experimental Data
Composition of mvarant pomts in the NELH,PO; NHUNO,-COMNHY,-HNO, COUNHy);- PO, HO system at 20 and 40 °C

COINI, 1, HNO, CONH - HLPO, NH,H,PO, H,0
e 10w, m 100w, m! 100w, m? 100w, Sofid phases®
20 15.20 3.245 1492 2,469 ISy 783 38.23 A+B+C
40 19.5% 06255 2073 5168 3436 177 2538 A+B+C

NH,NO, COINH,), - HNO, NH,H,PO, H,0
"« T, m," 10w, m? 100w, m?* 100w, Sotid phases”
20 SLRY 20010 785 1.9% #.01 1.57 3225 A+C+D
40 S4.99 049 .27 207 (T3] 15 2253 A+C+D

“The molalties were caleulated by the compiler and are expressed as mol kg

"The solid phases are: A COUNHL - HNOy; B = CONHY), - HPO: €= NH{H PO D= NHNO,.

ry Information

Method / Apparatus / Procedure: Source and Purity of Materials:
Mivturas of i somponents wers stirrsd sigorsnly and
alowed w cquiibrate Yor 15+ 25 hrs, The cquilibrium was
checked by tepeated analysis of the figuid phase. PO,

The ameonnm salt: wore recrystallised before use. The urea
salts were synthesized from urea and an equivalent amount of the
respective acid and recrystallized several times,

content was determined by procipitation titration with

LatNO )¢ using Chromazairol $ as indicator; NH, " was
determined, after removal of phosphate ons with the aid of
anion exchange resin, by formol titration, Urea was determined  Estimated Error:
gravimetrigaily as dixanthedrylurca or after enzyme
decomposition as NH,. Niteate was determined gravimetrically
with Nitron. The sum of NH, ' and urca was determined by
the Kieldahl method and the concentration of urca salts was
deterimined by awidinetric titration with a METROHM
potentiograph.

The temperature was kept constant to within = 0.05 K.

Components: Evaluator:
(1) Ammonium dihydrogenphasphate; NH,H: PO 1. Eyssellovd, Charles University, Prague, Crech Republic,
[7722:76-1) September 1995

(2) Diammonium sulfate; (NH,)»S0;: [7783-20-2]
(3) Water; Hy0; [7732-18-5]

Critical Evaluation:

7.5. NHH,PO,—(NH,),$0,-H,0
Six articles' *® report solubility data for this system. In addition, Akiyama, et al.” present graphical dats siong with a smoothing
equation (1}
100w, = A/(m+B) 1)
where 100w, is the solubility of NH,H,PO, expressed as mass %: m is the mole ratio SO4/PO; in the saturated solution; and A
and B are constants having the following values:

Hec A B
0 346 1.8
25 44.6 [}
50 48.7 12

A comparison of the data a 263,

experimentally determined data fairly well, especially when the concentration of (NH.);S0, is less than 25 mass %.

References:

'S. 1. Voi'fkovich, L. E. Berlin, B. M. Mantsev, ‘Tr. NIUIFa 228 (1940).

%8, Uno, Kogyo Kagaku Zasshi 43, 399 (1940); J. Soc. Chem. Ind. Japan Suppl. Binding 43, 1688 (1940).
’F.V. Bel'chev, A. G. Bergman, Zh. Prikl. Khim. (Leningrad) 17, 520 (1944).

*A. G. Bergman, R. Tashtemirov, Ukr. Khim. Zh. 33, 565 (1967).

*R. M. Bayramova, A. 1. Agacv, Uch. Zap. Azerb. Gos. Univ., Ser. Khim. Nauk 8 ((968).

©Ya. S. Shenkin. 0. L. Freyman, Zh. Neorg. Khim. 15, 3151 (1970).

"T. Akiyama, H. Kanzaki. S. Minagawa, Nippon Dojo Hiryogaku Zasshi 49, 243 (1978).

40 - T : T
[ (e: g . 263K
. rel , 283K
oL 1 & rer(2)273k
- o ref(3), 273K
e - ref ? . 273K
£ - eq 1f, 273K
z ©  ref(3),293K
%20 ¢ ref(5),293K
~ 4 ref(2),298K
a v ref (1), 298K
o +  eqli], 208K
) ]
10
0
o 1 20 30 50
mass 7 (NHa)2504

FIG. 17. Solubility of NH,H,PO, in the NH,H,PO,-(NH,),S0,~H,0 system,

73, 293 and 298 K, as well as caleulated values from Eq. {1) is given in Fig. 17. Only al 293 K are
the data from different authors in agreement with each ather. Therefore, data at 293 K are accepted tentatively while the data at the other
temperatures can be evaluated only after the results of additional work are available. An isotherm at 293 K has been reported,’ but when
this is compared with Figure 17 its values appear to have a systematic error. Furthermore, the invariant points described in one article?
do not correspond with results reported by athers and, therefore, are rejected, The smoothing equation of Akiyama, er al.” secms to fit the

S3AIHIS v.1va ALIAN10S 1SIN-OVdNI
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Components:

(1) Ammoniut dibydrogenphosphates NI H PO,
{7722 761)

(20 Diammonium sultste: (NH,1,80,: [7783-20-2)
14) Water: 1,0, [7T3218 5

Original Measurements:
S. 1. Vol'lkovich, L. E. Berbin, B. M. Muntsev, Tr. NiUIFa
22842 (1940),

Components:

(1) Ammonium dihydrogenphosphate; NHHPO,;
[7722-76-1]

(2) Diammonium sulfate; (NH,),S0y: {7722-76-1]
(3) Water: H,0; (7732-18-5]

Original Measurements:
S. Uno, Kogyo Kagaku Zasshi 43, 399-402 (1940); J. Soc.

Chem. Ind., Japan, Suppl. Binding 43, 1688-70B (1940},

Variables:
Composition a1 25°€

Prepared Hy:
L. V. Chernykh und I, Eysseltova

Variables:
Composition at 0, 25, 40, 70 and 100 °C.

Prepared By:

Hiroshi Miyamoto

Experimental Data
Sotubility ia the NHH, PO, - 1NH, )50, - HoO sysem at 25 “C

NILIEPO, (NH,),80, H,0 Salid

W 1.0 [ mimal kg g 1,0 J0 mmot kg™ 100w, phase®
EIRT) 1.3 35y DO 000 0.00 70.77 A
40.20 w1 so1 2am 223 V.24 ov.10 A
R0 2743 156 559 556 0.63 67.01 A
1o 2515 343 12,60 .19 133 63,66 A
070 2149 343 20.40 1694 215 59.57 A
2150 2187 Rt 2150 2395 33 56.48 A
2500 2000 310 3150 2395 323 56.05 A

2500 2000 3.3 030 W72 424 5928 A+B
246G 8.0 330 5200 .25 544 47.65 8
1900 604 340 75.20 4292 791 41.04 B
[ 934 172 76,60 4337 694 41.29 B
5.9 S02 D.3S 0 43.57 641 S141 B

“These values were calculuted by the compilers.
“The salid plises are: A= NEHPOL B~ INHL),80,

Auxiliary laformation

Methad / Apparatus / Provedure:

P isathermal metbnd was used, Yquilibration sequised 4 o §
days The compostiion of the solid phases was determined by
the Schreinemshers methad, More experimental detaits have

baver denwribed provivusdy

Source and Purity of Materials:

No information is given

Estimated Error:
The temperature was kept constant within = .05 K. No other
information is given.

References:
‘L. E. Beelin, B. M. Mantsey, Zh. Prki. Khim. (Leningrad) 6.
385 (1933).

Experimental Data
Composition of saturated solutions in the NHyH;PO, ~ (NH,):50,-H,0 system

(NH,),S04 NH,H,PO, H,0 Solid
100g H;0 100w,* mmo) kg™ '* £/100g H,0 100w,* m,fmol kg™ '* 100w, phase™
temp
706 414 534 0 0 586 A
@4 0.9 510 .67 235 0310 st A
646 369 4.89 10.6 605 0922 57,05 A+B
642 368 436 104 596 0504 57.24 A+B
497 307 376 20 142 104 6188 B
29.1 203 220 146 102 127 69.5 B
0 0 0 202 168 176 832 8
temp=25°C
76.2 43.2 577 0 0 0 56.50 A
2. 405 561 9.7 495 0789 54.55 A
726 381 549 182 954 )58 5226 A+B
79 17 544 1838 966 163 5244 A+B
573 ns 43 200 1n2 174 56.3 8
268 170 203 308 195 268 635 B
0 ¢ 0 40:6 289 3.53 711 8
temp=40°C
808 47 6.11 0 0 0 553 A
777 399 5.88 163 [ 146 5146 A
5.9 371 574 253 126 2.2 497 A+B
61.6 23 466 289 152 2.5 525 B
395 25 2.99 357 204 310 571 B
188 1ns 142 444 22 386 613 B
0 0 0 564 36.) 490 639 B
temp=70°C
91.4 47.8 692 o 0 0 52 A
845 92 639 3 144 270 464 A
78.8 332 596 58.6 247 5.10 421 A+B
799 336 605 580 244 5.04 420 A+8
538 244 40 66.7 302 5.80 454 B
220 106 1.66 349 41.0 7.38 484 8
0 0 0 1009 502 877 4958 B
temp=100°C
103.6 509 7.84 0 0 0 49.1 A
979 422 74 340 14.7 296 43.1 A
931 0.4 10 624 244 542 39.2 A
86.9 305 6.58 98.2 344 8.54 35.1 A
829 270 627 1244 40.5 108 ns A
817 260 6.8 1321 421 ns 319 A+B
7.5 252 5.94 133.1 427 e 32.1 B
50.5 171 382 1447 49.0 126 339 B
208 231 157 163.9 516 142 35.09 B
0 0 0 176.7 63.9 154 36.1 8

These values were caleulated by the compiler.
PThe solid phases are: A

{NH,);S0,; B=NHH,PO,.

86€1
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y Information

Method / Apparatus / Procedure: Source and Purity of Materials:

Components Original Measurements:
The mothermal method was used. Ammanium Chemically pure reagents were recrystallized (1) Armonium difydrogenphosphate: NH,H,PO,: E. V. Belchev, A. G. Bergman, Zh. Prikl, Khim, (Leningrad) 17,
iydgenphosphate, anmonim sulfate and water [7722-76.] 5206 (1944)
placed 1n wmpules. The mixtures were shaken in @ thermostat (2) Diammonium sulfate; (NHy),S0;; [7783.20-2]
After equilibrium was established. tie mintures were allowed Estimated Error: (3) Water: H,0; [7732-18-5)
1o settle, A pipet was used (o obtamn dliquots of l)ft‘\dlu‘lufk;d Solubility: mothing specificd
‘I‘"”“,”“ '““ "J‘""";\ ' ':’“v ““.“]""“' \I"““'I":' o “IV‘;'"’(“:: ' Temperatore: precision = 0.05 K at 298 and 313 K, = 0.5 K at Variables: Prepared By:
et i et o et e Socemined 1 amd 373 K. Mo infurmaticn s g1vei st 273 K. Composition at - 10, =5, 0, 10, 20 and 30°C. L. V. Chernykh and J. Eysseltovi
by the distellation method. The phosphate and sulfate contents
were determined grasimetneally s MecNHLPO, and BaSO,.

Experimental Data
Solubility isotherms in the NHyH,PO,~(NH,),50, - H,0 system

respectrvely,

NHH,PO, (NH,),80, H,0 Sofid
Comp* 100w, m/mol kg™ '® Comp® 100w, mimol kg™ " Comp* 100, phacet
temp=—10 °C
0 00 00 100 294 32 1781 706 A
5.50 28 03 94.5 272 29 1879 70.0 A
12.56 6.0 0.7 87.44 240 26 1876 70.0 A
16.41 7.6 0.9 81.59 222 24 1538 0.2 B
1125 6.3 0.8 88.74 28.1 32 158 65.6 B
6.82 48 07 93.18 36.1 46 1139 59.1 B
671 46 07 93.29 378 50 1069 516 B+C
3.26 24 0.4 96.74 39.1 5.1 1065 58.5 C
o 0.0 0.0 100 30.4 S 1081 59.6 c
temp=—5 °C
[ 00 0.0 100 16.7 15 3660 833 A
1138 34 04 8862 144 13 . 3708 82.2 A
25.42 7.0 07 74.58 116 Lt 3875 814 A
38.74 10.0 L1 61.26 9.0 08 4050 81.0 A
56.73 137 15 4327 6.0 06 4270 803 A+B
45.46 127 14 5455 87 08 3606 8.6 B
2322 9.6 12 76.78 18.0 19 2270 724 B
127 7.2 1o 8§73 28.1 33 1472 64.7 B
7.77 54 038 9223 36.1 47 1120 585 B
7.37 52 0.8 9263 380 5.1 1010 56.8 B+C
30 24 0.4 96.76 396 52 1048 58.0 C
0 0.0 0.0 100 408 52 1066 59.2 c
temp=0 °C
100 188 20 0 0.0 00 5620 812 B
494 147 17 s16 86 08 3550 76.7 B
2542 10.7 13 7458 17.8 19 2198 75 B
14.05 8.0 L1 8595 276 32 1477 644 B
8.48 59 09 9152 35.7 46 1098 584 B
7.42 54 08 92.58 380 5.1 1013 56.6 B+C
7.03 5.0 08 9297 385 52 1002 56.5 c
32 2.4 04 9.8 40.0 53 1021 516 [«
0 0.0 0.0 100 41.2 53 1049 S8R c
temp=10°C
100 222 25 0 00 00 4497 778 B
55.08 174 20 4492 8.2 08 2985 144 B
30.69 13.4 17 69.31 173 19 2035 69.3 B
17.81 10.0 14 82.14 21.0 32 1413 63.0 B
g 7.6 1.2 88.92 350 4.6 1068 574 B
9.12 6.9 Il 90.88 382 53 952 54.9 B+C
6.56 49 038 93.44 396 54 962 55.5 c

S3IH3S v.Lva ALITIEN10S LSIN-OVdNi
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112 24 LR 90 8% 410 54 9% 56.6 C
o 7o 00 100 420 55 [N S8.0 C
temp-20°C
1 20,0 3 o 00 0.0 3507 ]
6093 NI 26 .07 78 08 2606 B
3055 . 22 6345 16.6 19 1582 B
NANR) 120 1.7 2R 26.3 32 1362 B
107 0.8 15 #6.33 M3 4.6 1040 B
1262 ®.3 14 R7.3% wS 55 887 B+
RERY A% 08 D57 40.5 RX 928 C
27 2 0.4 vr.t e 30 230 c
4 0.0 i) 100 429 57 977 [
temp - 30°C
100 [ i 0 0.0 00 2896 694 B
ohan 252 12 3 74 0x 2268 674 B
83 201 27 5817 16,1 1.9 1702 638 B
2537 5.4 23 7478 254 a2 1268 59.2 B
17.17 120 1y 8283 2 4.6 1004 54.8 B
13,39 10.2 L7 86,61 384 57 849 514 B+
9.20 7.2 1.2 974 40.2 58 871 526 <
595 47 0% 94,05 418 59 R84 535 C
270 23 0.4 47.30 430 6.0 910 546 c
0 o0 a0 i00 437 39 946 56.3 N

‘a

Components

(1) Ammonium dihydrogenphosphate: NH,H,PO,;

{7722-76-1)

(2) Diammonium sulfate: (NH,),50,: [7783-20-2]
(3) Water; H;0: [7732-18-5]

Original Measurements:

R. M. Bayramova, A. 1. Agacv. Uch. Zup, Aver. Gos. Univ., Ser.

Khim. Nauk 8-16 (1968)

Variables:

Composition and temperature.

Prepared By:

L. V. Chernykh and J. Eysseltova

“The commosition wn is: ol TR mol of solute
Mhe mroladitics were calentated by the compiters
A e B NILILPO, C= (NHL,S0,

The solid phases

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A vl potythermic method was used. No other details are No information is given,
piven.
ated Error:

No information is given

Experimental Data
Solubility isotherms in the N, H,PO, - (NH,),50, - H;0 system
(NH,),50 NH,H,PO, H,0
100w, mj/motkg ' ? 100w, m,/mol kg ™' 100w, Comp” Solid phase
temp=-10°C
404 5. 09 0.0 596 10831 (NH,),504
398 5.1 06 o 506 1080.5 (NH,);50,
377 48 32 05 59.1 1048.4 (NH,);50,
356 44 36 05 60.8 1232 NH,H,PO,
336 41 40 06 62.7 1299.1 NH,H,PO,
283 32 54 07 66.3 14099 NH,H,PO,
246 27 6.2 08 69.2 1605.5 NH,H,PO,
234 25 6.5 [ 701 1666.5 NH H,PO,
emp=u L

414 53 00 00 586 1065.3 (NH,),50,
40.7 5.2 0.6 01 58.7 1049.3 (NH,),504
39.0 5.4 26 04 584 1028.6 (NH,),50,
385 50 32 05 583 1026.5 (NH,);50,
5.1 44 52 03 59.7 1082.4 NHH,PO,
348 44 52 08 60.0 10945 NH,H,PO,
330 a1 56 0.8 614 11504 NH,H:PO,
280 33 7.2 10 648 13293 NH,H,PO,
78 32 7.3 10 649 13243 NHH,PO,
08 25 9.0 1 682 15183 NH,H,PO,
215 24 9.4 12 69.1 15715 NH,H,PO,
178 19 108 13 714 1748.1 NH,H,PO,
132 13 12, 15 742 1974.2 NH,H,PO,
10.8 11 13.4 15 758 21290 NH,H,PO,

8.5 08 143 16 772 22766 NH,H,PO,

50 0.5 162 18 788 24515 NH,H,PO,

42 04 165 18 793 25280 NH,H,PO,

00 00 190 29 810 27193 NH,H,PO,

temp=10°C

22 55 00 00 578 10135 (NH,);50,
a7 55 0.6 0.1 577 w07 (NH,),804
39.8 53 29 04 573 952.3 (NH,),504
384 5.1 50 08 56.6 9702 (NH,),50,
376 5.1 6.3 10 56.1 965.1 (NH,);804
374 5.1 68 11 55.8 959.9 (NH,),50,
342 44 76 11 582 1001.2 NH,H,PO,
322 41 8.1 12 59.7 1062.0 NH,H,PO,
319 40 82 12 59.9 11059 NH,H,PO,
21.0 32 98 13 63.2 12189 NH,H,PO,
221 25 s 15 66.4 1386.8 NH,H,PO,
204 24 18 15 66.8 1408.8 NH,H,PO;
174 K] 134 (4 692 1554.8 NH,H,PO,
15.0 Lo 144 L8 706 1648.3 NH,H,PO,

oovi
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A0
4
ELtAl
3.5
39.2
38.6
74
69
157
350
14
RIA
274
58
207
16.2
18
7.6
37
00

19
1.3
08
0.4
0.0

155
174
188

224

208

260

temp=20°C
0.0
0.4
0.4
08
U
10
12
13
15

temp=30°C
0.0
0.5
08
09
10
12
15
1.7
17
18
19
2.0
2.2
2.2

7.8

67.0

740
56.0

556
55.1

53.0

a00
704

1731.8
1929.9
2001.2

2158.6

9733
948.2
943.3
9143
8Y9.2
8920
880.9
877.6

984.0

950.9
1148
1137.8
1227.0
1387.5
1385.5
1508.7
1654.8
1759.2
1816.6

9418
916.8
892.5
875.6
87i.2
846.9
811.8
807
824.4
837
891
913
972.3
1021.8
1130.4
12425
1348.1
1449.0
1511.6
1521.7

NH,H,PO,
NHH,PO,
NH,H,PO,
NH,H,PO;
NH,(H,PO,

{NH,),50,
(NH,),50,
(NH,),50,
{NH,),50,
(NH,),50,
(NH,),S0,
(NH,),80,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NHzH,PU,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH H,PO,
NH,H, PO,
NH H,PO,
NH,H, PO,

(NH,),50,
{NH,),S0,
(NH,);S0,
(NH,),804
(NH{);S0,
(NH,);80,
(NH,),50,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,

“The molalities were caleulated by the compilers. The unit is: mol kg™

®The composition unitis: mol/100 mol of solute.

Ausxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used. Solid carbon dioxide

Souree and Purity of Materiale:
Chemically pure reagents wore used.

was used as the cooling agent. The compilers suppose that the

isvtherms were obtained by interpotation

Estimated Error:
No details are given

‘Components Original Measurements:
() Ammonium dihydrogenphosphate; NH,H,PO,: Ya. S. Shenkin, O. L. Freyman, Zh. Neorg. Khim. 15, 3151-2
[7722-76-1] (1970).
(2) Diammonium sulfate; (NH,),S0,; [7783-20-2]
(3) Water; H,0; [7732-18-5]
Variables: Prepared By:
T and pressure. 1. Bysseltova
Experimental Data
Solubility in the (NH,);SO4~NH;H,P0,~H,O system at atmospheric pressure
(NH,),80, NH H;PO, H,0

100w, mi/mol kg™! * 100w; m;fmol kg™'® 100w, 1°c® —gN° Solid phase
50.75 7.80 0.00 0.00 ay.23 89S 0.063 {NH,),50,
49.22 7.83 321 0.59 47.57 2.5 0.061 (NH,),S0,
47.50 775 6.11 1.14 46.39 9.6 0.065 (NH,),80,
45.45 7.46 8.43 1.59 46.12 10.2 0.064 {NH,},S0,
42.50 7.00 11.58 2.19 45.92 10.2 0.067 {NH,),S0,
40.93 6.79 13.48 2.57 45.59 103 0.066 (NH,),S0,
38.50 6.68 17.90 357 43.60 104 0.072 {NH,),50,
37.50 6.68 20.05 4.10 4245 107 0.077 {NH,),80,
35.50 6.40 22.50 4.66 42.00 1 0.080 (NH,),S0,
34.50 6.37 2451 5.20 40.99 14 0.084 (NH,),504
3350 6.20 26.21 5.65 “0.29 11.4 0.085 (NHg)23Uy
32.50 6.15 27.50 597 40.00 115 0.086 {NH,),S0,4
3110 5.98 29.56 6.53 39.34 19 0.091 (NH,),S0,
30.20 6.13 3252 7.58 37.28 126 0.105 {NH),S0,
27.83 5.66 3498 8.17 37.19 127 0.096 {NH,),S0,
26.98 574 37.47 2.16 35.55 127 0.105 (NH,),80,
25.50 5.51 39.50 9.81 35.00 129 0.106 (NH,),S0,
24.3) doz 4251 11.20 32.98 136 0.110 (NH,);S0,
23.52 5.64 4491 12.36 31.57 14.5 0.122 (NH,),S0,
23.03 573 46.53 13.28 30.44 149 0.128 (NH,),S0,
22.50 5.70 47.62 13.85 29.88 15.1 0.130 (NH,),S0,
22.50 5.87 48.51 14.54 28.99 15.8 0.137 (NH,),50,
2240 6.15 50.05 15.79 27.55 16.1 0.146 (NH,),S0,
22.41 6.75 52.47 18.15 25.12 179 0.160 (NH,),S0,
2240 6.86 52.89 18.60 24.71 18.3 0.164 (NH,),S0,
20.84 6.28 54.06 18.72 25.10 17.8 0.162 NH,H,PO,
19.75 6.04 55.50 1949 24.75 16.1 1.666° NH,H,PO,
17.97 5.3 36.51 19.24 pa%-72 154 1.660* NH,H,PO,
16.10 4.61 57.45 18.88 2645 14.8 0.153 NH,H,PO,
15.98 4.57 57.55 18.89 26.47 153 0.154 NH,H,PO,
13.01 365 60.04 19.36 26.95 13.7 0.151 NH,H,PO,
12.50 345 60.07 19.03 2743 13.1 0.149 NH,H,PO,
10.04 274 62.25 19.52 27.71 12.4 0.147 NH,H,PO,

7.52 202 64.30 19.83 28.18 1.8 0.144 NH,H,PO,

3.1 vy2 67.52 20.25 2897 10.9 0.141 NH,H,PO,

0.00 0.00 7108 21.36 28.92 9.4 0.142 NH,H,PO,

*These values were calculated by the compiler. The unit is: mol kg™ '.
“This is the difference between the boiling point of the saturated solution and the boiling point of water.

“N is the mol fraction of water.
ese are obvious typographical errors. The correct values should be 0.167 and 0.166, respectively.
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Auxiliary Information

Method / Apparatus / Procedure:

; i
The method wis the same as thin described carlier

Source and Purity of Materials:

No information is given.

Estimated Error:

No information is given

References:
'Ya. S. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg.
Khins. 13, 256 (1968),

7.6. Other Ternary Systems With the Ammonium Cation as the Common lon

Components

(1) Ammonium dihydrogenphosphate; NHyH,PO4:

[7722-76-1)
(2) Ammonium fluorosilicate; (NH,); [SiFyJ: [16919-10-0]
(3) Water: Hy0; [7732-18-5]

Original Measurements:

E. M. Morgunova, N. D. Maslova, V. 1. Golovina, Zh. Neorg,

Khim. 17, 2006-8 (1972).

Variables:

Composition and temperature.

Prepared By:
J. Eysseltovi

Solubility isotherms in the (NH,),[SiFs]--NH,H,PO,~H,0 system

Experimental Data

(NH),[SiF,] NH,H, PO, H,0 Solid
100w, mimol kg™ ¢ 100w, mmalke™ ! ® 100w, phase®
temp=25 °C
18.70 129 — — 81.30 A
18.01 126 1.66 0.18 80.33 A
16.59 116 3.38 037 80.03 A
1547 110 5.62 0.62 7891 A
13.50 098 9.33 LOS 7717 A
1242 0.92 11.50 131 76.08 A

1159 0.87 13.48 1.56 74.93 A
10.96 083 1520 179 73.84 A

1011 0.78 16.93 2.02 72.96 A
9.55 0.74 18.02 2.16 7243 A
9.26 0.73 19.48 2.38 7126 A
8.59 0.69 2134 265 70.07 A
797 0.64 2242 2.80 69.61 A
7.80 0.64 23.60 2.99 68.60 A+B
7.06 0.58 24.53 312 68.41 B
5.45 0.45 25.87 327 68.68 B
3.65 0.29 26.89 337 69.46 B
1.84 015 28.11 349 70.05 B
_— — 2077 260 mor R

temp=50 °C

2577 1.95 — _ 74.23 A

2213 176 717 0.88 70.70 A
17.26 1.40 13.57 L7 69.17 A
1277 1.0% 21.54 285 65.69 A
9.75 0.87 27.34 3.78 6291 A
27.20 072 31.72 4.56 60.48 AB
4.07 038 3513 5.02 60.80 B
— - 43.95 6.82 56.05 B

temp=75°C

3230 2.68 — - 67.70 A

25.16 2.14 8.88 117 65.96 A

20,69 1.81 15.07 204 64.24 A
707 0.80 4235 729 50.48 A+B
6.30 072 4433 7.81 49.37 B
330 0.37 46.26 797 50.44 B
— - 55.66 1091 4434 B

covi
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35.82
3316
27.08
2206
17.72
18.86
117
9.02
743
6.4
498
232

313
283
2.40
201
L7
1.96
1.25
1.06
087
{180
0.60
0.34
0.13

114
9.71
16,48
24.27
27.21
38.52
4318
4695
48.44
48.74
5117
5187
AL RS

temp=90°C

- 64.18 A
0.15 65.70 A
134 63.21 A
233 61.46 A
364 58.01 A
439 5393 A
6.66 50.31 A
7.85 47.80 A
8.89 4592 A
9.32 45.16 A+B
9.16 46.28 B
9.67 46.01 B
9.59 47.02 B
1200 w18 R

“These values were calculated by the compiler. The unit is: mol kg''.
PThe solid phases are: A=(NH, J,[ SiF, ], B=NH,H,PO,

Auxiliary Information

Method / Apparatus / Procedure:

The isothermal method was used. The samples were

equilibrated in polycthylene vesse
chonite vessels at 75 and 90 °C. Equilibrium was attained in 3 prepared as described by others

25 and 50 “C, and in

Source and Purity of Materials:
(NH, ), SiF,] was prepared from reagent grade Hy[SiF,]

(MRTU 609-4821-67) and recrystallized. NH,H,PO, was
2

weeks at 25 °C, in 7 days at 50 °C and in 2 days at 75 and 90

OC. The compusition uf the aulid phascs was dutcrmined by

the S " method,

by

the distillation method. [SiF,])?  was determined hy
i

precipitation as K,{ SiF,

Estimated Error:
The temperature was controlled to within + 0.1 K. No other
information is given.

References:
'), E. Ricci, J. A. Skarulis, J. Am. Chem. Soc. 73, 3624 (1951).
Yu. V. Karyakin, Chistye Khimicheskiye Reaktivi Leningrad
Guskhimizdae 1947,

Components
(1) Ammonium dihydrogenphosphate; NH,H,POy;
[7722-76-1]

(2) Ammonium Auoride: NH,F; [12125-01-8}

(3) Water: H,0; [7732-18-5)

Original Measurements:

N. K. Shilling, G. S. Stetsova, Tekhnotogiya Mincral'nykh
Udobreniy (Leningrad) 68-71 (1977).

Variabl.

Composition and temperature.

Preparcd Byt

L. V. Chemykh and J. Eysseltovi

Solubility isotherms in the NH,H,PO,~NH,F-H,0 system

Experimental Data

NH,H,PO, NH,F H,0 Solid
100w, m;/mol kg~ '* 100w; mimol ke™!* 100w, phaseP
temp=-5°C
13.2 140 5 15 818 A
147 155 3 9 823 A
17.5 238 18.5 723 64 A
21 32 21 90 58 A
14 25 38 200 48 B
208 368 30 150 492 B+C
temp=0°C
154 168 s 17 9.6 A
173 189 3 t 797 A
19.0 2.47 14 30 o7 A
2 34 21 99 57 A
25 4.03 29 16 485 A
14 2.56 385 219 415 B
temp=5 °C
185 205 3 1 785 A
182 2.06 5 2 76.8 A
20 25 1 43 69 A
4 37 20 9.6 56 A
2 43 28 16 48° A

225 403 29 16 485 A+B
185 378 39 25 avs B
temp=10°C
215 251 4 1 74.5 A
22 27 6 2 72 A
26 49 28 16 46 A
27 44 20 10 53 A
13 25 41 2 46 B
23 45 33 20 44 B
Cmp=20"C
2 35 5 2 68 A
27 36 8 3 65 A
27 6.2 3s 25 38 A
29 6.1 30 2 41 A
30 5.1 19 10 51 A
30 59 2 16 44 A
26 6.1 37 27 37 A+B
temp=30 °C
30 59 26 16 4 A
32 7.1 29 20 39 A
25 60 39 29 36 B

*The molalities were calculated by the compilers based on 100w, of the salts.

PThe solid phases are:

NH,H,PO;; B=NH,F, C=NH,F-H,0.
“There are obvious misprints in these data (100w, =47 and 45, respectively) in the original ariicle.
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Auxifiary Information

Methad / Apparatus / Procedure: Source and Purity of Materials:
A palythermic method was used but o details are given. The Chemicatly pure NH,H,PO, and NH,F were used.
wature of the solid phase was determined graphoanatyticalty

(na detasls are given) and cheeked by 1R spectroscopy. Estimated Error:

No information is given.

Components: Evaluator:
(1) Ammonium dihydrogenphosphate; NH,H;PO4; 3. Eysseltovd, Charles University, Prague, Czech Republic,
[7722-76-11 September 1995

(2) Ammonium chloride; NH,Cl; [12125-02-9]

" (3) Water, H,0: [7732-18-5)

Critical Evaluation:
NH,H,PO,-NH,CL-H,0
Figure |8 presents isotherms for the NH,H2PO,~ NH,Cl-H,O system at 0 °C' and 20 °C.2 The comparison appears to be
reasonable and the isotherms in each of these reports can be accepted tentatively.

References:
'P. Askenasy, F. Nessler. Z. Anorg. Chem. 189, 305 {1930).
2A. A, Volkov, O. E. Sosnina, Uch. Zap. Perm. Univ. 229, 35 (1970).

30 T T
o ref(1),273K
e ref(2), 293K
- J
.
g0t J
T
LS
z ]
N o
» . 1
210k o 1
E ° . 4
. 1
o % 1
[} N
] 30

10 20
maoss 7 NH4Cl

FIG. 18. Solubility isotherms in the NHH;PO,~NH,CI-H,0 system.
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Components: Original Measurements:

(1) Ammaniun dilydrogenphosphate: NHyH,PO: [7722-76-1] P, Askenasy. F. Nessler, Z. Anorg. Chem. 189, 305-28 (1930).
120 Ammaonium chloride: NHCI: [12125.02.9]
(1) Water: HyO: [7732:18.5)

Variables: Prepared By:

Composition at 0 J. Eysseltova

‘Components: Original Measurements:

(1) Ammonium dihydrogenphosphate; NH,H;PO,: A. A. Volkov, 0. E. Sosnina, Uch. Zap. Perm. Univ. 229, 35-9
[772276-1] (1970).

(2) Ammonium chioride; NH,CI, [12125-02-9]

(3) Water; Hy0; [7732-18-5)

Experimental Data
The 0C isatherm for the NHH,PO, - NH,Cl-H, 0 system

Density NH,CI NHH,PO, H,0 Solid
wem ! comp® 100w," m comp* 100w, ¢ comp* 100w," phase!
(RIS ey FERT A3n - - - 1009 77,09 A
1LOK3L 8.3 20 552 17 0.84 0095 990 76.6 A
1.0%46 922 204 5.36 79 19 0.46 995 74.6 A+B
L0872 780 126 293 214 735 0.79% 1490 80.05 B
1§87 629 7.53 170 371 9.54 1.00 2060 8293 B
11wss 0 481 109 554 125 136 2270 8235 B
1.rmun 0.2 1.99 0.458 798 69 L8l 2450 81.13 B
1104} — 100.0 18.50 1974 2815 81.50 B

e compusiion urit 1y mol/ 100 mol of solute.

alentated by the compiler.

*The mofatities were cafeutated by the compiter and are expressed as mof kg *
Frhe solid phases are: A~ NILCE 8= NH;H, PO,

"Ihese values were

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The isothermal method was used. The mixtures were agitated No information is given
ina thermostat for 2 tn 3 alaps The salid phase was soparnted
trom the liguid phase by centrifuging. The analylical

| e by een Estimated Error:
wacedures are ot described.
procedures are not deseribe The temperature was controlled 1o within = 0.1 K. No other

information is given.

Variables: Prepared By:
< ition at 20°C. L. V. Chernykn ana J. Eysseitovd
Experimental Data
Solubility in the NH,H,PO,~NH,Cl-H,0 system at 20 °C
NH,H,PO, NH,CI H,0 Refractive

100w, mdmol kg™ * 100, mymol kg™! * 100w, index Solid phase
272 325 0 0 72.80 1.3700 NH,H,PO,
210 245 450 L13 74.50 1.3695 NHH PO,
16.0 1.85 8.75 217 7525 13715 NH,;H,PO,
11.50 1.333 13.50 3.364 75.00 1.3740 NH,H,POy

8.00 0.946 18.50 4.705 73.50 1.3790 NH,H,PO;

5.55 0.680 23.50 6.191 7095 1.3865 NH,H,PO,

4.50 0.556 25.10 6.664 7040 1.3890 NH,H,PO, +NH,CI

425 0.528 2575 6876 70.00 1.3875 NH,CI

0 0 27.10 6.948 7290 1.3860 NH,CI

*These values were calculated by the compilers. The unit is: mol kg™ '.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

The isothermal method of sections (1, 2) was used with the Chemically pure NH,Cl and reagent grade NH,H,PO, were
aid of refractive index measurements. used.

Estimated Error:
No information is given.

References:
IR. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. Un-tc. 11, 1
(1937).

2E. F. Zhuravlev, A. D. Sheveleva, Zh. Neorg. Khim, 5, 2360
(1960).

*Yu. V. Karyakin, Chistye Khimicheskic Reaktivy, p. 58,
Moscow, 1947.
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320 440 74 1.06 c
35 442 9.1 133 c
Components Original Measurements: 309 441 107 159 B
(1) Anmmonm dibydrogeaphosphate; NHH PO S. Ya. Shpunt, Zh. Priki. Khim. (Leningrad) , 13, 9-18 (1940). 304 441 12.2 185 B
{72276 1 299 442 138 213 B
:i: :\:n(mm by drogenphosphote: NaH,PO,; [7558-80-7) 294 442 152 238 5
s Hy0: [7732-18-5] 284 441 180 292 B
Variahles: Prepared By: Section V
Femperatuze and compostion. 1. Eysseliovi 385 sn — - <
378 523 20 0.29 c
Experimental Data m 38 38 036 ¢
) 364 524 57 0.86 c
Part 1. Crystallization tempetaures o sections of the NaH; PO, - NH,HyPO, 1,0 system 154 o e 1 ¢
Nali, b0, NH,H,PO, Solid 352 5.26 91 142 c
100w, ol kg 100w, i dmol kg e phase” 345 524 107 1.70 B+C
339 524 12.2 197 B
Section 1 333 524 138 227 B
17 0.0 —_— - A 328 5.26 152 254 B
74 070 48 0.48 A 22 525 16.7 284 B
70 0.70 .1 0.94 A Section V1
ag 071 130 141 A 423 6.11 — — c
6 050 167 1.89 3] 4t4 6.09 20 0.31 c
0.2 0.70 20,0 236 B 399 6.11 5.7 0.91 c
a6 070 231 283 B 384 6.09 9.1 151 C
5.4 07 259 330 B 3 6.00 122 2.09 c
5.6 o 286 378 B 36.4 6.09 138 241 B
Seetion 11 359 6.12 15.2 270 B
154 152 - — ~45 A 35.2 6.10 16.7 3.02 B
150 152 29 0.31 =50 A Section VII
146 153 57 0.62 56 A 249 291 38 046 A
1.2 1.53 33 0.93 -6.1 A 266 318 37 0.46 A
13 154 10.7 123 -6.1 A 282 344 36 0.46 A
13.2 1.54 15.2 184 14 B 3 3.96 35 0.46 c
12% 1.52 113 215 8.9 B 325 4n 34 0.46 c
125 1.5% 193 246 36 B 341 454 33 0.46 c
22 1.5 213 278 19.8 8 36.5 5.04 32 0.46 c
120 153 231 309 245 B 385 5.49 31 0.46 c
1.7 L34 24.8 339 30.1 B 41.9 632 29 0.46 C
Section Nl 48 712 28 046 c
211 o — ~66 A 46.1 7.50 27 0.46 c
227 20 023 -7 A Section VI
222 38 045 -16 A 199 230 3.0 096 A
20 5.7 0.08 8.0 A 220 2.61 7.8 0.90 A
214 74 0.90 -85 A 238 2.89 7.6 096 A
210 9.1 Li3 -99 A 256 318 14 0.96 A
203 122 157 22 B 273 347 7.2 0.96 A+C
199 138 181 35 B 288 374 7.1 0.96 c
19.6 152 203 79 B 37 4.29 6.8 096 c
19.2 17.3 237 13.1 B 34 479 66 097 c
18.7 193 2.70 29.0 D 365 533 - 6 0.97 C
18.1 213 3.00 26.1 B 385 5.80 6.2 097 c
1.7 231 339 30.1 8 40.2 6.22 60 0.97 c
Section 1V 419 6.68 5.8 0.96 c
141 — — 27 c 448 7.52 56 098 C
14 20 0.27 -26 C 473 831 53 097 c
439 34 0.52 -25 c
440 57 .80 26 c
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Part 2. Solutions coexisting with two solid phases

NaH,PO, NH,H,PG, H,0 Solid
" 10w, m,fmol kg 1 100w, m/mot kg™ '? 100w; phases?
4.3 — 16.7 83.3 A+B
~0.9 2.4 399 - 67.6 A+C
6.0 6.6 0.70 1.7 78.7 A+B
71 13.6 1.53 124 740 A+B
291 20 741 ux 9.2 AD
2R 33 4.39 9.3 59.4 B+C
7.1 344 5.22 107 1.69 54.9 B+C
4.7 373 6.09 n 199 510 B+C
10.2 300 375 34 0.44 66.6 A+C
10.7 274 349 7.2 0.96 654 A+C
“The molalities were od hy thee compitar
The salid phases are: e B=NH,11,PO,: C=NaH, PO, 2H,0.
Part 3. Solubility isotherms
NH H PO, NaH, PO, H,0 Solid
100w, compt mfmol kg 100w, comp® mtmol kg ' 100w, comp® phase”
temp= 9.9 °C
- - 324 100.0 399 67.6 1391 A+C
o 17 0.46 286 88.3 351 67.8 1400 A
75 240 006 246 6.0 2oz 07.9 1398 A
92 296 18 28 70.4 279 68.0 1402 A+B
35 238 117 2.4 76.2 375 63.1 1129 B+C
4 10.4 045 304 89.6 183 6.2 1302 c
temp= =7 °C
- 242 100.0 266 75.8 2092 A
40 0.5 0.46 210 835 233 75.0 1988 A
. 330 us 1.4 06.5 1.95 742 1893 A
123 481 145 13.8 51.9 1.56 739 1851 A+R
10.6 346 134 208 654 2.53 68.6 1436 B
88 237 124 294 76.3 396 618 1068 B+C
70 198 0.96 29.7 80.2 391 633 1140 (s
34 10.0 045 s 90.0 403 65.1 1239 c
- - - 6 100.0 4.22 66.4 1261 [«
temp=—4.3°C
- - 15.1 100.0 148 849 3745 A
88 56.8 0.91 70 432 0.69 842 3484 A
16% 100.0 76 - — — ¥3.2 ir¥4 A+B
15.3 709 170 6.6 9.1 070 78.1 2309 B
133 508 1.58 13.5 49.2 154 732 1782 B
14 6.4 1.46 206 63.6 252 68.0 1396 B
9.1 238 1.30 30.3 76.2 416 0.6 1015 B+C
6.9 189 0.96 310 1.1 4.16 62.1 1084 c
33 95 045 328 90.5 428 639 1175 c
— — — 346 1000 4.41 65.4 — C
temp=0°C
184 100.0 1.96 — - — 31.6 2833 ]
169 734 192 6.4 266 0.70 767 2127 B
16.06 65.0 1.86 9.02 35.0 1.00 74.92 1941 B
147 510 177 131 46.0 151 722 1697 B
1311 42.6 166 18.46 574 235 68.43 1420 B

218
20.5
18.0
16.1
17
1.5
1

3.0

259
242
214

15.8
145
13.4
124

28

30.2
280
26.10
25.2
23.0
20.0
186
17.1
162
15.78
13.30
13.20
9.55
6.26

3.42
25

40.1
285
25.1
24.1
243
17.4
15.3

73

100.0
776
59.7
46.4
EOES
260
246
146

73

100.0

1.67
1.48
1.48
1.43
1.46
0.97
0.83
0.45
0.36

242
243
226
2.16
103
1.84
181
096
0.45

194
302
34,1
355
380
395
405

51
121
R0
292
329
36.7
39.1
429
44.2
42.3

55

9.77
11.5
18.2
2497
282
319
5.4
35.62
41.89
41.60
4375
46.50
478
48.33
49.0
512

84.7
91.2
927
100.0
temp=+10°C
224
403
53.6
.5
740
75.4
854
927
100.0
temp=+20 °C
18.6
35.1
482
639
68.5
72.4
75.1
87.8
93.8
0.0
temp=+30 °C
16.0
26.4
30.5
43.1
54.4
59.3
639
.7
68.4
75.1
75.1
8L
87.7
89.8
v32
95.0
100.0

248
3.69
440
4.50
451

4.60
4.68

4.77

0.70
1.53
251
4t
522
5.54
567

5.67

0.68

070
127
151

3.78
442
5.23
6.09
6.11
7.79
7.67
7.80
8.20
8.47
8.42
8.42
874

59.5

74.1
70.1

61.6
55.0
526
49.9
48.5
514
53.0
54.7

69.8

64.13
633
58.8
55.03

508
4B
48.60
44381
4520
46.70
47.24
470
43.03
485
488

1333
1077
944
937
931
999
1024
1083
1100
1150

2288
1766
1470

L8

621
01
750
789

1477
1278
1156
1116
930
802
745
678
o1/
622
536

615

a0

anc

@
NON0 X @www

a

o
CON+T oI WY @@

s}

w w
Onnnonagw:mwmnmmmw

*The molalities were calcutated by the compiler,

“The solid phases are: A=ice; B=NH,H,PO,; C=NaH,P0, 2H,0.
“The composition units are: mol/100 mol of solute.

The compiler calculates this missing value to be 1259,

S3IH3S Viva ALITIANTIO0S LSIN-OVdNI
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Auxiliary Information

Mcthod / Apparatus / Procedure:

A standasd visual polythermic method and the isotheenal

method were used but no details are given. The P3O content

was determined by o standard method described in the
NI matenady'™ bul no reference is given. The ammonia
content was determined by the Kieldahl method. The sodum

Jon coment was probably detecnined by ditference

compiler.

Source and Purity of Materials:

Nov infornation i given.

imated Error:

The temperature was controlled to within £ 02 K.

Components Evaluator:
(1) Ammonium ditiydrogenphosphate; NH;H,POy: J. Eysseliovi. Charles University, Prague, Czech Republic
[7722-76-1] September 1995

(2) Potassium dihydrogenphosphate; KH,PO,: [7778-77-0] or
(2) Rubidium dihydrogenphosphate; RbH,PO,; [13774-18-5)
o

(2) Cesium dihydrogenphosphate; CsH,PO,; {18649.05-3] o
(2) Thallium dihydrogenphosphate; TIH,PO,; [17735-75-0)
(3) Water: H,0; [7732-18-5]

Critical Evaluation
7.7. NH,;H,PO,—~MH,PO,~H,0 (where M=K, Rb, Cs, TI)

All the articles dealing with the NH,H,PO,~KH,P0,~H,0 system'"® report a series of solid solutions as the equilibrium solid
phases. Some comparisons are possible and they are shows in Figures 19 and 20. For the 273 K data, Figure 19, the values for the
KH,PO, content reported by Askenasy and Nessler' are larger than those reportied by Polosin and Ozolin.* This is true also for
the binary solubility of KH,PO, in water at 273 K, where the 15.5 100w, value is larger than the 11.74 100w, value
recommended by TUPAC.' It, therefore, seems likely that there is a systematic error in the analytical values for potassium and,
consequently, the data in Ref. | are rejected. The values at 298 K, Figure 20, agree fairly well and may be tenlatively accepted.

The NH,H,PO,~MH,PO,—-H,0 [M=Rb,"" Cs,'? TI'*} systems are characterized by the formation of solid solutions. Earlier'? it
was noted that the resuits in Refs. 11,12 were affected by unreliable analytical procedures and are, therefore, rejected. No
independent solubililty data have, as yet, been reported for these systems.

20 e T T
a o
L] 0 g
]
. v B ]
s = 0
0] o ]
T
z o
Zio} . 1
N <
a o -
o
€ slp ref (1 - 1
L] ref (4 a
0
) 5 Q 15 20

1
mass Z KH2P04

FIG. 19. Solubility in the NH,H,PO,~KH,PO4~H,0 system at 273 K.

sovi
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Components:

(1) Ammonium dihydrogenphosphate: NH,H,PO; [7722-76-1]
(2) Potassium dihydrogenphosphate: KH,PO,; [7778-77-03

(3) Water; Hy0; [7732-18-5]

Original Measurements:

A. J. Zvorykin, V. G. Kuznetsov, lzv. AN S
195-201 (1938).

1. N. S. Dombrovskaya, A. J. Zvorykin, Kaliy 2, 24-8 (1937). 2,
SSR, Ser. Khim.

Variables: Prepared By:

Composition and temperature, J. Eysseltova

Eaperhucntat Daw

The solubility in the NH;HaPO,- KHyPO,—H,0 system has been reparted by Zvorykin and co-workers in two publications. Source
paper’ reports the solubikity isotherms at 25 C and 50 °C. Source paper? repeats only the data at 50 °C. The solubility data are:

30 T T T us) —r
v
oy
v
T A
g\ 20+ v, 1
T 1
£ z
z
~ X
S0t 1
<} A ref (2
= A ref(3 4o
v ref (6 v
v ref (8 4V
0 . R
o} 10 15 25
mass 7 KH2P04

116, 20, Saluhility in the NHHPO, KILPO, HLO system at 298 K.

References:

P, Askenany. 1. Nessler, 7. Anorg, Chien. 189, 305 (1930),

"N. S, Dombravskaya, A. 1. Zvorykir, Kaliy 2, 24 (1937)

‘A3 Zxorykin, V.G Kuznetsov, v, AN SSR, ser. khim. 195 (1938}

VLA Palosin, R K. Ovolin, Kaliy 1. 31 (1937).

Vo AL Polosin, R. K. Ozlin, Trady TSKhA, Yubileynyi Shornik 29 (1940)

"D L Kuunetsov, A A. Kozhukbovskiy, F. I, Borovaya, Zh. Prikl. Khim, (Leningrad) 21, 1278 (1948).
'Ya. S. Shenkin, S, A. Ruchnova, N, A, Rodionova, Zh. Neorg. Khim. 17, 3368 (1972),

AP Solov'ev, £ E. Balashova, N, A B
Nitratami i Fostatami 3 (1977)

AL G Bergman, AL AL Gladkovskays, R. A, Galushkina, Zh, Neorg. Khim. 17, 2055 (1972)
,

yuzina, V,

1¢ Khioridov Kaliya, Magniya, Amoniya s ich

1. Eysseliova, T. P Dithse. Alkali Metal Octhophosphates (Vol. 31 of the Solubility Data Serics), Pergamon Press, 1988,
AL Ya Zyoryhm, 1. S, Vetking, Zh, Neorg. Khim. 6, 2572 (1961)

AL Yo Zyoryhin, V. 1D Ratnikova, Zh. Neorg. Khim. 8, 1018 (1963)

M. Bruzau, Bull. Soc. Chim 1177 (1948).

NH, H, PO, KH,PO, NH_ H,PO, KH;PO,
°C 100w, m? 100w, m" 1°C 100w, m? 100w, m?
25 —_ - 20.42 1.88 25 25.42 X)) 7.98 0.88
25 7.67 0.93 9.2 192 z 9.4 162 - -
25 8.04 0.95 18.52 1.85 50 - - 28.09 287
25 9.98 1.20 18.14 1.85 50 9.49 1.26 25.23 283
25 1044 1.26 17.66 180 50 2591 4.08 18.97 252
25 10.52 127 17.94 184 50 2.2 4.60 15.92 22
25 13.09 1.62 16.78 175 50 30.96 492 13,38 193
25 17.47 224 14.80 L60 50 N2 5.25 19 157
25 2082 272 274 140 50 3519 535 7.69 0.98
25 23.16 3.0 10.17 L2 50 3842 574 345 0.43
25 2293 297 10.02 LY 50 39.88 5.76 — -
“The molalities were calculated by the compiler and are expressed as mol kg ¥
NOTE: The authors also express the composition of the saturated solutions in units other than mass % and mol/kg, These are given
below.
NH,H,PO, KH,PO, H,0
e mol % comp? comp® mol % comp? comp® 100w, mol % comp®
25 — — — 328 3391 100 79.58 9672 2949
25 LoV 328 dzz L 72 a0 9. 17 1941
25 1.63 33.93 3.17 66.07 73.44 95.20 1980
25 2.06 39.46 3.16 60.54 71.88 94.78 1816
25 215 41.16 3.08 58.84 71.90 9477 1810
25 2.18 40.96 314 59.04 71.54 94.68 1779
25 275 47.98 298 52.02 70.13 94.27 1643
25 378 58.28 270 4172 6173 93.52 1443
2 4.56 6591 236 34.09 66.44 93.08 1344
25 5.06 72.93 1.88 27.07 66.67 93.06 1344
25 4.98 7312 1.83 26.88 67.05 93.19 1368
25 5.55 79.01 1.47 20.99 66.60 92.98 1325
25 6.13 100 - — 70.55 93.87 1530
v — — — 491 100 7191 95.09 1935
50 2.12 22.76 3077 ¥~ 476 69.23 65.28 93.12 1354
50 6.58 73.69 67.77 4.07 38.22 55.12 89.35 839
50 7.40 8297 68.38 341 31.62 54.96 89.19 825
50 7.89 95.01 72.29 310 27.71 54.66 89.01 810
50 842 94.52 77.26 252 23.18 54.99 89.10 817.4
50 8.66 96.45 84.37 1.60 15.58 5712 89.74 8747
50 9.31 103.5 92.95 0.71 7.05 58.13 89.98 898
50 9.41 102.7 100 —_ — 60.12 21.59 274

“The composition unit is: mol/1000 mol H,0.

The composition unit is: mol/100 mol solute.

The authors also give the composition of the solution that is in equilibrium with a solid phase of the same composition:

at 25 °C it is 30.41 mol KH,PO,/100 mol solute and 69.59 mol NH,H,PO,/100 mol solute;

4150 °C it is 26.19 mol KH;PO4/100 mol solute and 73.81 mal NH,H,PO,/100 mol solute.
r

S3IH3S v1iva ALTganios LSIN-Ovdni
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Auxiliary information

Method / Apparatus / Procedure:
Fhe isothermal method was used. The mixtures were agitated
comimansly in w thermosiac for 2 -5 days. Equilibrium was

checked by repeated anadysia. Potassium was determined as
KCI0,, mitrogen by the Kieldah! method, and phosphorus as
My, 2,0,

Source and Purity of Materials:
No information s given.

Estimated Error:
The temperature was controlled to within + 0.1 K.

Components

1) Anunonium dihydivgenplosphate, Nil;Hy POy,

[7722-76-1]

(2) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0)
(3) Water; H,0; [7732-18-5)

Original Measurements:

1. V. A. POIOSI, R. K. OZ0lN, Kalty, 19, 31-4 (193/). 2. V. A,

Polosin, R. K. Ozolin, Trudy TSKhA, Yubileynyi Sbornik.

29-50 {1940).

Variables:

Composition and temperature.

Prepared By:
L. V. Chernykh and J. Eyssclova

Experimental Data

Solubility isotherms in the NH,H,PO,~KH,PO,~H,0 system

NHH,PO, KH,PO, H,0 Solid
comp® 100w, mdmol kg™ '® comp® 100w; m/mol kg™ P 100w, phase®
temp=0°C
35.57 18.53 1977 - - - 81.47 A
344 17.58 1.909 394 238 0218 80.04 B
34.04 17.35 1891 481 2.90 0.267 79.75 B
3275 16.42 1.818 8.53 507 0474 78.51 B
21.26 15.55 1.739 thad 0.73 V.030 19z B
30.73 15.28 1.709 11.90 7.00 0.662 .72 B
27.82 1382 1.547 14.48 850 0.804 77.68 B
27.71 13.75 1538 14.56 855 0.809 7170 B
174 9.00 0.967 16.51 10.10 0917 80.90 B
8.18 4.40 0.453 17.36 11.10 0.965 84.50 B
- - - 18.29 12,15 1.050 87.15 (o
temp=10°C
45.58 255 2531 —_ —_ — 7745 A
4381 214 243 8.19 3.55 0.346 75.35 B
43.60 2093 2422 9.08 393 0.384 75.14 B
4225 20.10 2.344 9.42 5.35 0.528 74.55 B
4153 19.70 2.307 10.78 6.06 0.600 74.24 B
39.15 184 2174 14.41 802 0.801 73.58 B
3897 18.3 2.167 14.96 83 083 73.40 B
35.26 165 1.956 18.30 1015 1.017 7335 B
3424 16.1 1.902 18.52 1030 1.028 73.60 B
27.67 1327 1.536 2076 11.65 1.140 75.08 B
17.39 870 0.965 21.87 1295 1214 78.35 B
8.23 43 0.46 22.40 1390 1.249 81.80 B
- — - 2325 14.95 1292 85.05 [
temp=15°C
51.19 24.65 2844 — — - 75.35 A
49.62 235 276 438 25 0.25 740 B
4922 23.0 2713 697 3.85 0.387 7315 B
462 21.3 257 120 6.55 0.667 72.15 B
4334 19.75 2.408 16.6 895 0922 713 B
392 17.85 2177 20.18 10.88 1122 727 B
3433 158 1.906 2231 1215 1.239 7205 B
27.78 13.07 1.538 234 13.07 1.300 73.86 B
1742 857 0.968 24.83 1445 1379 76.98 B
8.18 42 0.455 2553 155 1.42 803 B
— — — 26.2 16.54 1.456 8346 c
temp=20°C
57.28 268 3.18 — — — 732 A
56.78 26.35 3.153 248 10 0.099 7265 B
5583 2567 3.102 438 238 0.237 7195 B
54.67 2482 3.037 707 4.13 0416 71.05 B
51.51 23.0 2.860 13.44 7.1 0.73 69.9 B
49.40 21.88 2.745 16.83 8.82 0912 69.3 B
48.31 213 268 18.60 9.7 Lo 69.0 B

1]8 48
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0K 174 217 24.36 12.85 1320 69.75 B
a2 1555 1912 2597 13.75 1.393 0.7 B
218 128 153 26.58 146 1.44 726 B Components: Original Measurements:
17.60 A 097 2783 1593 1508 7561 B (1) Ammonium dihydrogenphosphate; NH,H,PO,: [7722.76-1] D, L. Kuznetsov, A. A. Kozhukhovskiy, F. E. Borovaya, Zh
1513 <0 044 2845 1740 154 0 B (2) Potassium dihydrogenphosphate; KH,PO; [7778-77-0] Prikl. Khim. (Leningrad) 21, 1278-81 (1948).
29.29 18,03 1586 R1.87 C (3) Water; H,0: [7732-18-5]
temp - 25°C
639l 2.0 - - 710 A Variables: Prepared By:
o182 205 148 0.7 0.080 70.58 B Composition and vapor pressure at 25 °C. 1. Eysselova
P Stre L1 74 0w w174 "
FoR 208 2406 1215 1336 66.80 B
39.1% 17.1 2803 145 156 684 B Experimental Data
TR 15.260 29,13 15.3 162 69.44 B Solubility and vapor pressure in the NH,H,PO, ~KH,PO, ~-H,0 system at 25 °C
K50 1208 29.8% 16.1 166 71.25 B
17.00 K12 KINE 17.53 1.732 74.35 B NH,4H,PO, KH,PO, H,0 1
819 405 381 186 177 77.35 B 100w, mdmol kg ' 100w, mmol kg 100w, (mm Hg)
a4 19.7 150 0.3 c
tenip= 30 — — 2021 1.86 79.79 2266
08 393 . 68.82 A 7.65 0.89 17.53 1.72 74.82" 22,08
R4 325 22.44 1o 125 64.8 B 13.05 160 16.19 168 70.76 2190
49,35 271 29.29 1441 1627 63.07 B 1584 200 1548 165 68.68" 2084
WK 2175 3186 16,5 1769 61 07 B . s by o aha o
43 9P G 2 & ; ) :
‘7',:; : ::; ;u; :;‘7)2 ::62 ;9 ‘],f 2 20.12 262 13.08 144 66.80 2160
150 o 149 19,13 1945 27 B 2448 315 797 087 67.55 2195
x27 046 3545 03 197 757 B 285 353 — — 7115 2200
1SS 2132 1991 78.68 c
Lemp 35 °C The molalites were calculated by the compiler. The calculutons were bascd on the 100w, of the sals
st L . oo N There are misprints for these values in the original article (100w, =74.62. 69.68 and 67.20 . respectively). This may be due to an incorrect
0.0 112 1244 6 07 038 B value for the concentration of a solute.
274 381 2113 1 12 626 B
28 333 2074 14 17 622 B Auxiliary information
wm 27 3 0.33 . 36 B
,’(f [:i 3 ,;:, x:f: :(N 4 :::Z 25 7 B Method / Apparatus / Procedure: Source and Purity of Materials:
1405 1905 66 185 203 66.85 B An isothermal method! was used. The mixtures were prepared  Reagent grade salts were recrystallized three times and dried at
1ot |51 1729 1935 Y078 prgi B from finely powdered salts. The system was cquilibrated for 3 approxinately 100 °C.
Vi s 0978 s 07 T 1180 8 days alihough 2 days proved 1o by suficicnt. The plsphurss
.25 T 0457 9.6 2169 742 B cunlgm of the saturated solutions was determined . timated Error:
o igs s c ravimerically as NHyMgPO, 6H,0. The ammonium content (82 PO
. ) was determined by the distillation method and potassium as @ Information Is given.
R _ temp--40C KCIO, (afier removal of NHy). The vapor pressure was
i 7 “’ N j:‘; o o . :3; ’; measured by the technigue described elsewhere.? References:
7.22 20h 29 2292 x ey .|
671 254 170 1328 150 1.85 596 B ;EC":HEE“;;':;“I‘;VS (:\9’]3_ Kozhukhovskij. Zh. Psikl. Khim.
10.54 197 273 w37 18,06 2132 62.24 B M. S. Vrevskiy, N. N. Zavaritskiy, L. E. Sharlova, Zh. Russ.
URT} I 217 997 195 222 64.4 B Khim. Oheh, 54. 360 (1923),
M3 144 1.9) 40.34 20.0 65.6 B
2770 1oy 154 4136 200 67.1 B
1748 78 0no7 Epe) RRINY AR R
LA N 046 4290 236 726 B
. 1290 2445 75.55 c
“Ihe composition unit is: mol/ 1100 mol water.

MThese values were caleulated by the compilers.
“Ihe solid phases are: A= NH PO, B2 (NH, K PO,: C=KH,PO,

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
A polythermic method was used. Solid carhon dioxide was the  No information is given.
couling agent. No other infarmatcon is given

Estimated Error:
No information i

S3AIHIAS V.LVaA ALITIENT0S LSIN-OVdNi
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Components:

(1) Ammonzum dilydrogenphosphate: NHH,PO,: 17722-76-1]
1) Porassiom dibydrogenphosphate: KH PO [7778-77-0]

(3) Water: 11,0: [7732-1%.5)

Original Measurements:

A. G, Bergman, A. A. Gladkovskaya, R. A. Galushkina, Zh.

Neorg, Khim. 17, 2055-6 {1972).

Variables:

Composition and temperature.

Prepared By:
J. Eysseltové

Experimental Data

Component Solid

Origmal mixture added 100w 46" e phases®
12.5% KH,PO, +87.5% B0 NH,H,PO, s +60 A+B
LS 0% KHLPO, 4 8S 09 11,00 NH,H.PO, e +1472 A+R
[5.0% KH,PO, + R5.0% H.O NH H,PO, 17.3 +176 A+B
TU72% NHH,PO,+ 28.28% KH,PO, H,0 205 ~45 B+C
71726 NHH; PO, +28.28% KH,PO, H,0 326 +250 A+B
AT NH H PO 3 19% KHa PO, H,0 8.2 —=4.0 A+C
45.81% NHH, PO, +54.19% KH,PO, H,0 245 +136 A+B
45.81% NHH, PO, £54.19% KH,PO, H,0 250 +14.0 A+B
NH H.PO. = 75.0% KHLPO. H.0 14.3 -36 A+C
NH,H,PO, +90.0% HyO KH,PO, 10.3 ~40 A+C

“This is the ma

s % of component added.

MThe solid phases are: A=B-solid solution; B=a-NH,H,PO,; C

Compiler’s comment: 1t is not pos

ble to construct a legitimate phase diagram

on the basis of the data that are given. The concen-

tration of component added has the meaning given only if the added component is 2 salt. When water is the added componeat, the

relation 100w = 100~ 100wy is valid. With this assumption the folowing composi

were caleulated {next page).

ions of points lying on the transition curve

NH,HPO, KH,PO, H,0 Sotid
100w, mgmol kg ! 100w, mfmol kg™! 100w, c phases®
11.50 1.29 11.21 1.06 77.28 +6.0 A+B
160 134 1344 132 74.95 +142 A+B
17.30 215 1278 134 £9.91 +174 A+R
14.70 Lo0 580 053 79.50 -45 B+C
2338 301 9.22 1.00 6740 +250 A+B

833 0.88 9.86 0.88 81.80 -40 A+C
.22 129 13.28 129 75.50 +136 A+B
145 132 1355 132 75.00 +14.0 A+B
2.58 024 772 0.63 89,70 -36 A+C
9.6 0.98 1030 0.94 80.63 -40 A+C

The composition of the (ransition point is:
850 007 1140 053 £0.10 ~45 A+B+C

*The solid phases are: A= f-solid solution; B=a-NH,H,PO,; C=ice.

Auxiliary Information

Method / Apparatus / Procedure:

The only information given is that a visualiy polythermic
method’ was used.

Source and Purity of Materials:

Chemically pure salts were recrystallized and dried before use.

Bidistilled water was used

Estimated Error:
No information is given.

References:

1. A. G. Bergman, N. P. Luzhnaya, Fiziko-Khimicheskie Osnovy
Izucheniva i Ispol’zovaniya Salyanykh  Mactarazhdeniy
Khlorid-sul’fatnogo Moscow, IAN SSSR, 1951,

(4848
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Components:

{11 Ammanium dihydrogenphosphate: NH,H POy [7722-76-1]
12) Potassium dihydragenphosphate: KHPO: (7778-77-0)

Original Measurements:

Ya. S. Shenkin, S. A. Ruchnova, N. A. Rodionova, Zh. Neorg.

Khim. 17. 3368-9 (1972).

Components:

Original Measurements:

(1) Ammonium dihydrogenphosphate; NHH;PO,; [7722-76-1]
(2) Potassium dihydrogenphosphate; KH,PO,; (7778-77-0]

A. P. Solov'ev. E. F. Balashova, N. A. Verendyakina, L. F.

Zyuzina, Vzaymodeystvie Khioridov Kaliya, Magniya. Amoniya

(3) Water: HQ; {7732 18-5] (3) Water; H,0; [7732-18-5) s ich Nitratami i Fosfatami 3-11 (1977).
Variables: Prepared By: Variables: Prepared By:
C and temperature at heric pressure. J. Eysschovd Composition at 25 °C. J. Eysseltovd
Experimental Data Experimental Data
Composition and hoiling points of saturated solutions in the NH,H;PO,~KH,P0,~H,0 system Composition of saturated solutions in the NH;H,PO,~KH,PO,~H,0 system at 25 °C
NH,ITPO, KH,PO, H,0 NH,H,PO, KH,PO, H,0 Refractive Solid
1004, mmol kg ! 100w, mdmol kg 100w, bp.PC 100w; mjtmol kg™ ' 100w; mi/mol kg™'® 100w, index phases
[ 0 AL ESE) 41.30 1031 — (i) 21.60 2.024 78.40 1.3550 KH,PO,
1 0.63 5178 8.46 44.94 1053 4.08 0472 20.80 2034 75.12 13630 Solid soln
6.90 137 49.40 8.30 43.70 106.2 598 0.695 19.24 1.890 7478 13665 Solid soln
10.67 22 4746 8.32 41.87 105.7 14.25 1778 16.10 1.698 69.65 1.3720 Solid soln
15.52 KR 4458 8.20 39.90 106.9 18.80 2417 13.60 1.478 67.60 1.3742 Solid soln
17.57 393 43.60 .25 38.83 107.1 22.57 2,969 11.37 1.264 66.06 1.3750 Solid soln
19.70 454 42.60 8.30 37.70 108.0 2420 2.877 9.24 0.995 66.56 1.3760 Solid soln
2504 6.39 3878 8.07 3528 108.9 2630 3.427 7.00 0771 66.70 13770 Solid soln
28.00 7.25 w44 .41 33.56 108.6 28.05 3403 0.30 0030 7165 13780 Solid soln
29.39 7.65 23 8.19 3338 106.6 2930 3613 — 0.00 70.70 13780 NH,H,PO,
70 won b0z 3195 108.5
W % 775 23 1088 “These values were calculated by the compiler.
3450 9.15 7.31 32.80 106.4 |
3080 983 30.57 689 3257 106.9 Auxlfary Information
023 .08 815 6.54 3162 1097 Method / Apparatus / Procedure: Source and Purity of Materials:
41.87 12,04 27.92 6.79 3021 1106 The mixtares were equilibrated for 1-3 days in a thermostat. The salts were reagent grade or chemically pure and were
4280 12.39 27.09 6.62 30.05 109.8 The ammonium ion content was determincd by the Kjeldahl recrystallized before being used.
33442 12.7 25.36 6.16 30.22 1103 method. ‘The H,PU,  was precipitated as NH,MgPO,, and the
15,12 1317 2479 6.09 29.89 1095 excess Mg was tilmlcd_ complexometrically. The refractive Estimated Error:
885 1452 291 550 2924 1094 index was measured with a IRF-2 refractometer. The temperature was contralied to within = 0.1 K. No other
49.59 1428 2024 492 30,47 114 information is given.
5369 17.13 19.07 514 27.24 1109
5427 16.42 17.01 4.35 28.72 12,0
5591 16.60 14.82 in 29.27 109.6
56.57 17.12 1471 3.76 28.72 110.8
62.15 18.25 8.26 2.05 29.59 1104
65.35 2041 6.83 1.80 2782 109.9
L) 1802 u u 3170 1105

Auxiliary Information

Method / Appar:
The method used
described carli

atus / Procedure:
10 determine the solubility has been
!

Source and Purity of Materials:
Chemically pure KH,PO, and NH,H,PO, were used.

Estmared Error:

No information is given.

References:

'Ya. S. Shenkin, S. A. Ruchnova, A. P. Shenkina, Zh. Neorg.

Khim. 13, 256 (1968).
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Components: Original Measurements: Components: Original Measurements:
(1) Amumonium difydrogenphosphate; NH{HPO: (772276 1] M. Bruzau, Bull. Soc. Chim. France 1177-80 (1948). (1) Ammonium dihydrogenphosphate; NH,H,PO,; [7722-76-1] M. N. ikova, N. S. T i A B.
(2) Thallium dihydrogenphusphate; TIH;PO,: [17735-75-0] (2) Diammonium carbonate; (NH,);CO;; [506-87-6] Kuznetsova, Zh. Prikl. Khim. (Leningrad) 52, 568-71 (1979).
(3) Water; Hy0; [7732-18-5) (3) Potssium dihydrogenphosphate; KH,PO,; [7778-77-0]
(4) Dipotassium carbonate; K,CO;; [584-08-7]
Variables: Prepared By: (3} Walter: Hy0; 17732-18-5]
Composition at 29.5 °C. J. Eysseltovd
Variables: Prepared By:
Experimental Daa Composition at 0, 10, 20 and 30 °C 3. Bysseltova
Solubility in the NH,H;PO,~TIH,PO,~H,0 system at 29.5 °C
' - P " p— Experimentat Data
NH,H, PO, ,PO, L,0 ensity
100w, ol kg '* Toow, mijmol kg™ 100w, gom? Solid phase 8.1. Solubility in the NH;H,PO,-K,CO;—H,0 System
0 0 69.13 1174 Solid sotn N P05 K;0 =
130 0.0632 6828 1186 Sofid soln 100w, 100w, 100w, 100w; N:P,0;: K;0 Solid phases®
252 0.124 67.02 1197 Solid soln
374 0.186 66.78 1.208 Solid soln temp=0°C
490 0.246 66.07 1217 Solid soln 225 11.40 — 13.65 1:5.07:0
707 0363 64.60 1.240 Solid soln 356 20.07 14.70 3883 1:5.64:4.14 A+B+C
9.02 0471 63.57 1—257b Solid soln 312 20.40 1531 38.83 1:5.54:4.91 A+B+C
1535 08553 5955 1320 Solid soln 213 1631 16.00 3548 115205510 A+
18.81 1.074 58.10 1355 Solid soln 154 440 1338 2 1545:8.68
20.66 1.200 5742 1.380 Solid soln " - e
Moo 1225 5690 o Solid soin 172 927 14.89 25.88 1:540:8.50 A+D+E(r)
88 1371 5547 1,405 Solid soln 147 870 19.10 29.27 1:592:12.99 A+D+E(w)
2385 1452 54.49 14155 Solid soln 1.08 9.76 2646 3730 1:9.07:24.60 A+D+F(r)
2598 1603 5379 1.442 Solid soln 07 6.55 2935 36.60 1:9.34:41 81
26.32 1.630 5357 1.4465 Solid soln 05 6.36 28.88 35.74 1:12.60:57.7 A+B+E(tr) +F(tr)
26.79 1672 53.17 1453 Solid sola 039 217 20.00 3256 1:8.12:74.0
2825 1799 s52.12 1472 Solid soln Lemp=10°C
2841 1798 5242 1470 TIH,PO, a7 o _ leg7 15090
29.48 1.955 50.04 1502 TIH,PO, - - 0
2824 1829 5123 1482 TIH,PO, 498 2460 434 3392 1:492:087
30.45 1.891 342 L4785 TIH,PO, 6.05 26.70 9.16 4192 1:4.40:1.51
29.51 1720 56.92 1.4386 TiH,PO, 545 270 8.15 36.30 1:4.18:1.50
30.97 1799 5711 1.448 TIH,PO, 518 23.60 13.14 4.9 1:4.56:2.54
33.56 1817 61.28 1425 TIH,PO, 4.80 19.80 1470 39.30 1:4.13:4.50
3220 1.665 64.19 1.383 THH,PO, 433 21.00 15.70 41.03 1:4.85:3.64
1204 1708 A6 N0A 13027 TIH.PO), 539 19.93 6.0 998 199.60:4.57
“The molalities were caleulated by the compiler. 3.05 19.40 1625 38.70 1:6.40:5.3
PFor these data the temperature was 30 °C, 270 17.42 1591 36.03
210 13.77 16.50 3237
Auxiliary Information 259 14.30 18.90 36.09
- 159 11.70 22.10 3539 1:7.35:13.9
Method / Apparatus / Procedure: Source and Purity of Materials: 127 10.12 26.00 37.39 1:9.96:2045
The isothermal mcthod was used. The mixtures equilibrated Reagent grade Fy Prolabo NH,H,PO, was used. TIH,PO, was 07 12.00 26.90 39.60 1:17.10:38.20
for 48 hrs, with frequent agitation, in a Prolabo water synthesized by treating TICI with H,50,, treating the T1SO; 0k o9 - :17.10:38.
thermostat. The solid and liquid phases were separated from with 2 Ba(OH), soln, filtering the TIOH and adding H;PO, to - - 31.80 37123 1114724
cach other by fltration. Excess liquid was removed by pH=4.7 (bromocresol was indicator). The T1 content of the temp=20°C
presmure. Aoalytical proceas: total salt content was dotormined TIH, PO, was 67.47%; tha theoretical value is 67 870, 3131 1678 - 20.00
by evaporation to dryness at 100~110 °C; TIH,PO, was 630 29.50 725 43.05 A+B+C
determined by titeation with a bromate solution using Estimated Error: 479 2720 1528 27 ALBAC
helianthine as indicator; NH,H,PO, was determined by .
difference. Density was determined by weighing 5 cm’ No information is given. 401 25.90 18.90 48.31 A+B4C
samples of solution dispensed by a calibrated pipet. 3.80 22.00 16.55 4235 1:5.78:4.35 A+B+C
348 25.00 20.90 4938 17.18:60 A+B+C
270 1590 17.90 36.50 1:5.89:6.62 A+D
047 8.27 25.60 3434 1:17.6:54.5 A+G
1.09 4.30 29.75 35.14 1:3.95:27.3 A+G

temp=30 °C

vive
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3.86 19.55 — 2341

6.12 32.17 8.81 47.10

4.56 27.5% 17.19 4933

84 2110 18.05 4299 1:5.49:4.7
350 24.58 22.32 50.40 1:7.02:6.38
442 2650 17.20 48.42 1:6.06:3.89
156 25.36 20,78 49.70 1:7.12:5.84
302 16.10 19.48 38.60 1:5.33:6.45
264 13.42 26.30 42.36 1:5.08:9.96
0.04 5.00 30.92 35.96 11250733

*This ix the total plant putrient

MPhe solid phases are: A=KHCO, B=NHH;PO; C=KH;PO;i D=K;HPO.: E=(NH,);CO;-H,0; F=K;CO;:1.5H;,0; G

= K,HPO, - 3H,0; () =traces

Auxiliary Information

Components Evaluator:
(1) Ammonium dihydrogenphosphate; NH,H;POy; J. Eysscltova, Charles University, Prague, Czech Republic,
[7722-76-1] September 1995

(2) Ammonium nitrate; NH,NO; [6484-52-2]

(3) Sodium dihydrogenphosphate; NaH,PO; [7558-80-7]
(4) Sodium nitrate; NaNOy; [7631-99-4]

(5), Water; Hy0; [7732-18-5}

Critical Evaluation:

8.2. NH,*, Na*| H,PO,~, NO;"-H,0
In contrast to other multicomponent systems involving ammonium dihydrogen phosphate, the NH, ™, Na*|H,PO,~, NO; " -H,0
system has been studied in detail. Shpunt'~ determined solubility isotherms of this system at 253, 258, 263, 273, 293 and 303 K
and also made a polythermal investigation of the stable diagonal NH,E,PO, - NaNO,~H,O system. Figures 2124 show a
comparison of some of these solubility values with those feported earlier by Shpunt” as well as resuits reported by other

Method / Apparatus / Procedure: Source and Purity of Materials:

The isothermal method was used. Mixtures were prepared in Pure K,CO; and reagent grade NH H,PO, were used.
100 ml glass vessels by adding solid NH,H,PO, to satd soins
of K,C0, and by adding solid K,CO; to satd solns of
NH,H,PO,. The mintures were placed in a water thermostat
and agitated for 3.5 hrs. The phases were separatcd from each
other by filtration. The liquid phase was analyzed for

Estimated Error:
The temperature was controlled to within * 0.05 K.

ammonia,’ phosphate jon and potassium.? The identity of the References:
solid phase was determined hy X-ray analysis. 1. N. Shokin, . A. Krasheninikov, et al Teknmcmmy Analiz
i Kontrol' v  Izd,

Vysshaya Shkola, Moscow 1968.

2F. N. Kel'man, E. B. Bruckus, R. F. Osherovich, Metody
Analiza pri Kontrole Proizvodstva Semoy Kisloty i Fosfomykh
Udobreniy, Goskhimizdat, Moscow 1963.

who studied the boundary temary systems,*>" (see pp. 1343, 1351). It is obvious that the agreement s nol very
good even with results reported by a given author. Consequently, nothing definitive can be said about the shape of the respective
phase diagram at this time.

40 T T T
]
<]
sof .
e L Y .
)
T )
220}
N 0 1
a
g o ref(8 o
10F ©  ref(2 id E
o ref(6 L]
® ref (3 1
0

20 25 30 35 40
mass 7 NaNO3

FIG. 21. The solid phases are NaH,PO,-2H;0 and NaNO,.
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FIG. 22. The solid phases are NaH,PO,-2H,0 and NH,H,PO,.
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mass 7Z NH4H2P04

> EDeC
-
L8

G B OV

40 70

50 60
_ mass % NH4NO3

F16G. 23, The solid phases are NH,H,PO, and NH,NO,.

Components

(1) Ammontum dihyarogenphospnate; NH;H, vU,;

[772276-1]

(2) Ammonium nitrate; NH,NO;; [6484-52-2)
(3) Sodium dihydrogenphosphate; NaH,PO,; [7558-80-7]

(4) Sodium nitrate; NaNOy; [7631-99-4]
(5) Water; H,0; [7732-18-5]

Original Measurements:
3. Ya. Shpunt, Zh. Prikl. Khim. {Leningrad) 20, 685-92 (1947).

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Part 1. Composition of the relevant secti

ons.

1 10% soln NaNO, + NH,H, PO, added.

1T 20% soln NaNO,+NH,H,PO, added.
I 30% soln NaNOj+ NH, H,PO, added.
IV 40% soln NaNO + NH, H,PO, added.
V 43% soln NaNO, + NH,H,PO, added.

Experimental Data

20 T
15 3
& ®
Q .
KS o
-
Z10r o ]
N
8 o
€ [
5 o ref(2
. ref (9
a  ref (3
0
30 35 40

mass 7 NaNO3
FIG. 24. The solid phases are NH,H,POy and NaNO,,

References:
'S. Ya. Shpunt, Zh. Prikl. Khim. (Leningrad) 20, 685 (1947).

%S. Ya. Shpunt, Zh. Prikl. Khim. (Leningrad) 30, 948 (1957).

*S. Ya. Shpunt, Zh. Prikl. Khim. (Leningrad) 30, 1148 (1957)

*A. G. Bergman and P. F. Bochkarev, fzv. Akad. Nauk SSSR, Otd. Mat. Estesty. Nauk 237 (1938).
5P, F. Bochkarev, Tr. Vostoch.-Sibir. Gosud. Inst. 3 (1935).

“S. Ya. Shpuat, Zh. Prikl. Khin. (Leningrad) 13, 9 (1940).

“A. G. Bergman and P.F. Bochkarev. Zh. Prikl. Khim. (Leningrad) 10, 1531 (1937).

V. 1. Kol'ba, M. 1. Zhikarev. and L. P. Sukhanov, Zh. Neorg. Khim. 26, 828 (1981).

9A. Tovi and C. Haiduc, Rev. Roum. Chim. 16, 743 (1971).

V1 46.7% soln NaNO, + NH,H, PO, added.
VII 6.0% soln NH,H,PO, + NaNO; added.

VIIE 10.0% soln NH,H,PO, + NaNO; added.

Part 2. Crystallization temperaturcs

NaNO, NH,H,PO, H,0
100w, mgtmol kg™ 100w, m/mol kg™ 100w, °c Solid phases
Section [
10° 13 - — 90 -39 ice
96 13 41 0.41 86.3 -52 ice
9.1 13 9.1 0.97 818 -63 ice
8.7 1.3 13.0 1.44 783 -74 ice
8.1 i3 18.7 222 732 +34 NH,H,PO,
7.8 13 213 2.61 709 +115 NH,H,PO,
77 13 231 290 69.2 +16.1 NH,H,PO,
75 13 242 3.08 68.3 +193 NH,H,PO,
74 13 254 3.29 67.2 +229 NH,H,PO,
73 12 26.5 .48 6.2 125.7 NILILFO,
72 13 275 3.66 653 +28.7 NH,H,PO,
7.1 13 28.6 3.87 643 +314 NHH,PO,
Section 11
20" 29 — — 80.0 -6 ice
19.5 292 20 0.22 785 -86 ice
189 295 56 0.64 5.5 -9.8 ice
18.1 2.93 9.1 11 728 -110 ice
173 zys 12.3 1.52 702 - 120 ice
167 292 16.0 207 67.3 +23 NH,H,PO,
16.6 292 166 216 66.8 +3.5 NH,H,PO,
16.1 293 193 260 64.6 +121 NH,H,PO,
158 292 206 2.82 63.6 +172 NH,H,PO,
156 294 20 3.06 624 +20.6 NH,H,PO,
153 292 231 326 61.6 +25.1 NH,H,PO,
15.1 293 242 3.47 60.7 +293 NH,H,PO,
. Section Il
30° 50 — — 70.0 -134 ice
288 5.03 38 0.49 67.4 ~15.0 ice
276 5.00 74 0.99 65.0 -162 ice
27.1 5.00 9.1 1.2 63.8 ~169 ice + NH H,PO,
26.7 5.02 107 149 62.6 —120 NH,H,PO,
262 5.00 12.2 172 61.6 e

[:18 48

3SMHIA 'd "L ANV YAOLI3SSAI T



8661 ‘9 "ON ‘L2 '|oA ‘Bleq oy ‘waL) 'shud

9.1
16.0
230
2%.0
233
s
4t.2
44

9.1
16.6
231
28.6
333
375
41.2
4.4

5.01
503
5.08
S
501
5.01

78
THS
.86

780

0.3
10.3
0.3
0.3
10.3
1.3
10.3

L3

249
376
501
6.25
7.52
878
9.99

14.6
15.2
16.6
183
19.2
20,6

20
s
74
07
138
152
16.2
18.0

4.0

100"
9.1
84
7.7
7.1
6.6

58
53

232

222

2.47

2.7

296

a2l
Scction IV
.57

0.86

1.5

199

232

259

2.88

a7
Suction V
0.31

0.60

1.2

1.82

2.44

273

295

334
Section V1

0.64
13
195
287
3
358
Section VII
nss
0.56
0.55
0.57
0.56
0.55
0.56
0.57
0.55
Section VHI
0.966
097
0.97
0.97
0.96
0.95
0.96
0.95
0.9s

59.9
59.4
58.5
573
56.6
557

60.0
577
56.6
54.5
52.8
51.8
51.0
501
49.3

51.0
559
54.9
528
510
49.2
484
478
6.8

53.3
513
49.4
47.6
454
4.5
437

040
85.4
78.4
722
67.1
62.7

55.2
523

90.0
¥i8
750
69.2
64.3
60.1
66.3
53.0
50.1

+33
+6.1
+12.0
+18.0
+21.7
+279

+4.1
+18.0

-28
—65
~10.0
—-132
—165
—19.0
=53
+9.3
+22.5

NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO,
NH,H,PO;

NaNO,
NaNO,
NaNO,
NaNO,

NH,H,PO,

NH,H,PO,

NH,H,PO;

NH,H,PO,

NH H,PO,

NaNO,
NH,H,PO,
NH,H,PO,
NH;H,PO,
NH,H,PO,

NaNO,
NaNO,
NaNO,
NaNO,

NH,H,PO,

NH,H,PO,

NH;H,PO,

NaNO,
NaNO,

ice
ice
ice
ice
ice
ice
NaNO,
NaNO,
NaNO,

Part 3. Solubility isotherms in the NaNO;~ NH,H,PO,— H,O system

NaNO, NH,H,PO, H,0
100w; mfmol kg™* 100w, m,fmal kg™ '* 100w, Solid phase®
P temp=-10°C
231 353 - — 769 A
192 298 49 0.56 75.9 A
186 292 6.5 075 749 A
167 262 83 0.96 75.0 A
135 2.16 13.1 155 734 A+B
17.4 292 126 1.56 700 B
2.6 501 109 152 625 B
339 7.08 98 L5 56.34 B+D
34.4 123 9.6 L5 56.0° C+D
363 747 65 0.99 572 [«
376 755 38 0.56 586 [«
39.8 778 - — 602 c
temp=0°C
— 18.4 1.96 8L6 B
82 13 17.1 199 747 B
12,15 1.990 16.03 1.940 71.82¢ B
16.7 290 155 1.9 67.8 B
24.58 4714 14.08 1.995 6134 B
25.8 J.oz 137 23 0.5 B
3636 8271 11.92 2.003 5172 B+C
36.4 830 120 202 516 B+C
388 831 63 10 549 [«
3924 8.383 5.69 0898 5507 c
40,0 8.34 36 0.55 564 c
419 8.48 - — 58.1 c
temp=10°C
- 218 242 782 B
79 13 208 2.54 73 B
16.2 292 186 2.48 65.2 B
172 3.03 16.1 210 66.7 B
345 7.85 138 232 517 B
375 .88 128 2.24 497 B+C
414 9.24 59 097 527 c
2.5 5.26 35 0.56 54.0 c
439 921 - — 56.1 c
temp=20°C
- — 259 3.03 74.1 B
76 13 1.1 3.06 68.3 B
15.7 295 216 299 62.7 B
18.65 3.642 211 3,03 60.3¢ B
244 5.05 188 2.87 568 B
337 7.88 160 276 503 B
365 885 150 268 485 B
3750 9.195 14.52 2622 4798¢ B
3881 9.802 1461 2718 46.58% B+C
389 9.80 144 2,67 6.7 B+C
4087 9193 10.03 1.770 49.1¢ c
438 102 56 096 50.6 [«
44.56 1027 438 0.743 51.06° [
452 10.3 32 0.54 516 [«
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0.0

152
236
26
iss
REX¢)
RUAT
46.2
47.4
R0

672
14.09
.58
Rt
422
45,15
483
S1a

.24
232
4.2

4297
4493
478

S0.04
55.55

1508
30.0
4328
LR
56.47
59.68

1.0

13
296
RX8)
783
BKS
0.2
06
1.2
13
109

1.27

3012

7486
181
"o
11LR6
122

124

2.583

5983
104
1454
1561
149
14.28
1470

4.341
10.3
17.74
150
18.34
1741

1348
3001
2608
225

0.2
280
24
23
184
17.3
16.1
155

it

343
.07
27.93
2144
17,19
15.97
10.07
5.05

438
37.57
3115
261
2227
18.90

temp=30C

temp=40"C*

temp=60 °C?

temp=280 °C?

temp=110°C"

376
376
351
3.36

4.54

4.341
4231
3382
3615
3319
1.955
0.941

6.77
6.380
5933
ST
5.569
4.542
3308
1.84

10.0
9.369
9.05
B.487
3.881
175

17.9

193

2040
5678

34.76
36.17
378

41.24
44.45

46.4

343
287
33.46
36.23
40,32

327
229
1693
25.84
343

ftWEwwEw® o

()
o

anan

o
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no
[s)

mwww

nooan

Part 4. Solutions coexisting with tweo or three solid phases.

NaNO, NH;H,PO, H,0

100w; mjimol kg~ '* 100w, mmol kg™ '* 100w, oc Solid phase®

86 13 147 167 767 -8 A+B
176 295 12.1 1.50 703 -120 A+B
272 5.03 92 13 636 -16.9 A+B
374 834 128 223 49.8 +99 B+C
398 103 147 281 455 +228 B+C
356 692 39 0.56 605 ~184 A+C
34.1 674 64 094 595 -195 A+C
354 780 12 182 534 -4 B+C+D
327 647 7.8 11 595 ~200 A+B+D
33 667 80 12 58.7 ~206 A+C+D

“These values were calculated by the compiler.
®For these points the salt content was given as
should be those given in this Table.

The solid phases are: A=ice; B=NH,H,PO,; C=NaNO,; D=

" in the original article. The compiler believes this to be an eror and that the values

Natl,PO,- 2H,0.

These data were obtained by the isothermic method. The rest of the data were obtained by the polythermic method.

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method and the isothermal method were
used but no details arc given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given. The compiler believes the
reproducibility of the analyses to be about 1%,

:38 28
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Components

(1) Ammonium dihydrogenphosphate; NH,H,PO,:

(1122761

(2) Ammonium nitrate; NH,NO; [6484-52-2]

Original Measurements:
S. Yu. Shpunt, Zh. Priki. Khim. (Leningrad) 30, 985-92 (1957).

(3} Sodium dihydrogenphosphatc; NaH,POy; {7558-80-7]
(4} Sodium nitrate; NaNOs; [7631-99-4}

(5) Water; Hy0; [7732-18-5}

Variables:

Composition at 30, 20 and 0 °C

Prepared By:
J. Eysseltova

Part 1. Solubility isotherms in the NaNO;— NH,;NO;~ NH H,PO,— NaH,PO,-H,0 system

Experimental Data

Sola Jinecke’s indices®
no NaNO, NH,NO; NH;H, PO, NaH, PO, H0 Solid phases®
temp=+30°C
1 8.8 00 00 412 479 A+B
2 594 00 00 406 485 A+B
B 433 00 17.8 389 kT3 A+B+C
4 00 00 249 75 536 A+C
5 00 0.0 2.9 75.1 536 A+C
6 131 00 20 64.9 445 A+C
7 250 00 2.1 529 456 A+C
8 397 0.0 i79 424 382 A+C
9¢ 433 0.0 178 389 378 A+B+C
10¢ 433 00 178 389 378 A+B+C
e 59.6 00 194 210 400 B+C
12 7.7 00 223 00 408 B+C
13 615 240 8.5 00 371 B+C
14 64.1 303 56 0.0 336 B+C
1y 494 48.2 24 uL i B+C
1 415 50.6 19 00 255 B+C
17% 36.2 62.7 11 0.0 191 B+C
18 275 na 08 00 147 B+C+D
19 271 729 00 0.0 147 B+D
20¢ 275 722 08 00 147 B+C+D
21¢ 00 98.8 2 00 192 c+D
22¢ 200 79.1 09 0.0 159 C+D
2 21 773 16 00 161 c+D
24° 275 n7 08 00 147 B+C+D
tomp= 490°C
25¢ 7.7 00 00 283 540 A+B
2 70 00 00 290 542 A+B
27¢ 69.2 0.0 9.0 21.8 495 A+B
28¢ 634 0.0 185 8.1 446 A+B+C
29 00 00 249 75.1 621 A+C
30 80 00 229 69.1 566 A+C
31 15.1 00 216 633 538 A+C
32 250 00 220 53.0 553 A+C
33 354 00 203 443 486 A+C
34¢ 61.2 00 185 203 447 A+C
35 634 00 185 18.1 446 A+B+C
36¢ 634 00 185 18.1 446 A+B+C
a7 8.5 0.0 215 0.0 445 B+C

81°

83°
84
8s°
86
87¢
88°

241

489
50.6
59.2

68.9
69.6
68.9
98.7
98.8

89>
81.6
8.6
77.1
na
69.4
68.9
68.2

98.1
98.0
86.1
773
714
68.0
64.5
61.2

30
267
276
212
183
171
178
17
236
239
226
216

193
207
175
172
171
162

657
667
597

558
937
931
852
825
733
692
558
558
539
483
477
420
341
321
287
255
265
255
395
402
338
326
292
289

255

“The composition units are: mol/100 mol of solute.
°The solid phases are: A=NaH,PO,-2H,0; B=NaNO;; C=NH,H,PO,; D=NH,NO;.
“An isothermal method was used for these solutions. A polythermic method was used for ail the other solutions.
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Part 2. The compiler has used the data in Part [ to calculate the following values 53 15.1 5.69 5L9 20.7 1.64 0.456 0.00 0.00 313

(1448

54 208 8.70 507 228 0914 0.286 0.00 0.00 278
Soln NaNO| NH{NO; NH,H;PO4 NaH;PO, H,0 55 25 963 491 M4 0816 0.25¢ 0.00 0.00 27.5
o 10, m! 1004, m! 100w, m* 100w, mt 100w, 56 229 9.84 49.0 224 0817 0.260 0.00 0.00 273
I 2.9 681 0.00 0.00 0.00 0.00 2.6 478 464 :; §2; '2::7 43;(2)0 2‘3) '30 2‘;3)2 g'gg" 12‘30 ?2‘; i:i
2 27 HR0 Q.00 0.00 0.000 0.00 26.1 4.65 46.8 59 327 678 000 0'00 0'00 0.00 !0’6 155 56'7
3 24 636 000 0.00 19 262 271 572 396 © o 738 000 ot N o o o e
4 0.00 0.00 0.00 0.00 13.3 2.58 419 7.78 448 61 103 663 430 Iloo 0‘00 0‘00 ll>6 1’79 53'3
5 0.00 000 0.00 0.00 133 2.58 419 7.78 4438 @ sa or 000 000 on o s o040 o4
6 572 164 000 Q.00 13.0 275 40.1 8.10 41.2 & 0.00 0.00 000 0.00 5l s 31'7 4'50 53.7
7 i 204 0.00 0.00 132 269 330 6.44 az7 o 0% 000 000 000 on6 Lo o PP s
4 194 577 0.00 0.00 s 260 292 6.17 395 o ot L0 0w 000 ot s 252 hpis s
9 214 6.36 0.00 0.00 119 262 27.1 572 39.6 6 828 170 000 0'00 9.56 1'45 24'7 3'59 57‘4
10 214 6.36 0.00 0.00 HEY 2.62 271 572 39.6 & 160 3.36 000 - 0'00 ]0'5 ].62 ”‘5 2‘60 56']
It 298 .28 .00 0.00 13.1 2.69 148 292 423 68 26 475 0.00 0'00 10-6 l‘65 10'9 1462 55'9
12 400 106 000 0.00 155 303 0.00 0.00 4.5 6 353 792 0.00 0'00 ]2'1 2'00 0‘251 0'040 52’4
13 312 995 12.5 3.54 633 125 .00 0.00 44.0 70 353 792 000 0'00 ]2’] 2'00 0'251 0'040 52'4
14 374 10.6 167 501 439 0926 0.00 0.00 415 i 164 g9 0% 0 120 o o ot e
15 6 9.98 290 9.74 210 0.485 0.00 0.00 373 " 0 20 s bt o s oo oo o
16 RIM) 10,3 314 .0 1.69 0.414 0.00 0.00 356 71 341 801 14 284 456 0'792 0'00 [).00 50‘0
17 26,4 10.5 43.0 182 110 0320 0.00 0.00 2.5 i iy 788 185 e ras 045 oo P o
I8 216 114 531 271 0.93 0.302 0.00 0.00 24.5 75 300 833 26'0 7.64 1'59 [).326 0'00 [)A()(] 42’4
19 214 10.2 54.1 276 0.00 0.00 0.00 0.00 245 % 259 527 259 oy e oo pyes 000 poy
20 216 104 53.1 7.1 0.93 0302 0.00 0.00 25 n 73 a4 pgt 108 Los 0252 000 oo o
2 o 040 683 286 122 0347 000 0.00 30.0 8 o 026 5 129 050 o5 bou hys o
22 15.5 6.99 576 276 0.94 0.314 0.00 0.00 26.0 79 5 184 38:7 13:1 0‘00 0'00 0'00 0'00 36‘8
2 16.2 7.28 559 267 171 0552 0.00 0.00 2.2 . 51 26 52 s o0 o196 000 000 ven
24 26 104 531 27.1 0.93 0.302 0.00 0.00 245 81 0.00 0.00 5]'7 13'5 1'44 0.267 0'00 0'00 46.3
25 317 7.3 000 0.00 0.00 0.00 177 291 50.6 @ 000 om0 2 1s Too 0276 000 000 o
26 313 728 0.00 0.00 0.00 0.00 18.1 297 50.6 8 736 202 48'5 ]4.2 ]'30 0-263 0'00 0’00 42‘3
27 39 777 0.00 0.00 561 101 14.2 245 483 8 128 261 44'] 13'2 ]'23 0‘256 0'00 0'00 4].3
pi 204 7.90 0.00 0.00 12,0 230 123 2.25 45.3 8s 173 s21 42:5 13‘5 ]‘03 0‘22& 0'00 0'00 39']
29 0.00 0.00 0.00 0.00 12.4 223 39.1 6.72 485 86 195 592 w06 13'1 "03 ()‘23[ 0'00 0'00 38‘3
30 n12 0.785 0.00 000 12.1 225 381 6.78 467 o e 124 98 s 0526 ozn 0% ot e
31 6.1 1.56 0.00 0.00 1.8 223 36.1 6.54 46.0 88 25.1 326 38'2 ]3‘3 0.808 0.196 0'00 0'00 35'3
2 10,1 251 0.00 0.00 121 221 303 5.32 415 - § - - - - -
3 155 405 0.00 0.00 120 232 27.4 5.06 451 *The molalities are expressed as mol kg~
34 292 7.61 0.00 0.00 119 230 137 252 45.2
35 304 7.90 0.00 0.00 120 2.30 123 225 453 Auxiliary Information
w 30.4 7.90 0.00 0.00 120 230 123 225 453
3 39 9.0 0.00 0.00 144 268 0.00 0.00 467 Method / Apparatus / Procedure: Source and Purity of Materials:
i 302 9.25 121 3.8 576 1.09 0.00 0.00 4.0 No information is given. No information is given.
9 605 119.1 274 572 6.11 8.89 0.00 0.00 60
40 37 10.2 2038 10.2 1.84 0437 0.00 0.00 366 Estimated Error:
4t 30.5 9.58 30.5 102 1.56 0.362 0.00 0.00 374 No information is given. The compiler estimates the
12 279 104 393 15.5 114 0314 0.00 000 316 reproducibility of the analyses to be about +2%.
43 242 9.93 46.1 201 1.10 0.334 0.00 0.00 28.6
44 229 9.84 49.0 224 0.817 0.260 0.00 0.00 273
45 27 9.49 490 217 0.00 0.00 0.00 0.00 282
46 229 9.84 490 224 0.817 0.260 0.00 0.00 273
4 0.00 0.00 642 1.22 0.306 0.00 0.00 345
48 0.00 0.00 640 112 0279 000 0.00 348
49 336 118 62.0 1.14 0.295 0.00 0.00 335
50 6.67 242 59.8 1.06 0283 0.00 0.00 325
St 126 4.86 55.8 228 0983 0279 0.00 0.00 306
52 15.0 5.90 54.2 226 0.892 0.259 0.00 0.00 299
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Components

(1) Ammonium dihydrogenphosphate: NH,H,PO:

[7722-76-1)

Original Measurements:
S. Ya. Shpunt, Zh. Prikl. Khim. (Leningrad) 30, 1148-59 (1957).

£2) Ammonium aitrate; NH,NOG: (6484-52-2)
(3) Sadium dihydrogenphosphate; Nab;PO,: [7558-80-7)
(4} Sodium nitrate; NaNO,; [7631-99-4]

(3) Water; HyO; {75215

Variables: Prepared By:
Composition at ~ 10, - 15 und - X J. Eysseltova
Experimental Data
Part 1. Solubility isotherms 1 the NaNOy- NH,NO, - NH;H, PO~ NaH, PO~ H,0 system

Sofn Jinecke's indices®

o NaNO, NH,NO, NH,H,PO, NaH,PO, H,0 Solid phases®

temp=—10°C

s 835 00 0.0 165 M4 A+B

2 837 00 0.0 16.3 721 A+B

3 710 108 18.2 0.0 681 A+RB

4 303 23 174 0.0 579 A+B+C

5 0.0 00 2.7 76.3 1141 A+C

& 282 0.0 20 56.8 967 A+C

7 25.1 0.0 216 533 997 A+C

¥ 445 00 215 340 865 A+C

9 589 00 211 20.1 841 A+C
10 B0.9 2.3 17.4 0.0 579 ATDBTC
e %03 23 174 0.0 579 A+B+C
12 8§23 0.0 17.1 0.0 638 A+B+C
13 70.5 23 72 0.0 500 B+C
14 694 24.6 6.0 0.0 533 B+C
15 517 462 2.1 0.0 369 B+C
16 479 50.9 r2 0.0 348 B+C
¥ 430 558 12 0.0 325 B+C+D
18 415 58.5 0.0 00 33 B+D
19 43.0 55.8 12 0.0 325 B+C+D
20° 0.0 97.4 26 0.0 497 C+D
21 00 913 27 0.0 498 C+D
22 17.6 80.4 20 0.0 426 C+D
23 211 73 16 00 401 C+D
24 289 69.6 15 0.0 377 C+D
25 308 679 13 0.0 373 C+D
26 430 558 12 0.0 35 B+C+D
27 0.0 848 152 0.0 1243 C+E
28 0.0 85.1 149 0.0 1246 C+E
29 168 60.8 224 0.0 1386 C+E
30 237 53.0 23 0.0 1387 C+E
3 327 348 325 0.0 1500 C+E
32 429 153 418 0.0 1550 C+E
33 a8 0.0 439 143 1540 C+E
34 195 0.0 386 99 1485 C+E
35¢ 0.0 0.0 308 69.2 1325 C+E
36 0.0 0.0 30.1 69.9 1364 C+E

37 84.5
38 69.9
39 80.5
40 290
41 63.6
42 80.5
a3 205
44 68.7
45 46.4
46 453
47 453
48 295
49 20.1
30 0.0
51 0.0
52 9.1
53 217
54 42.1
55 58.2
56 61.9
51 290
58 58.6
59 48.5
60 29.0
61 86.2
62 874
63 70.8
64 70.8
65 63.3
66 633
67 793
68 70.8
69 793
70 79.3
7 70.0
72 479
3 474
74 46.0
75 474
76 474
7 307
78 211
79 232
80 211
81 63.3
82 67.6
22 475
84 304
85 211

0.0 0.0 15.6
1.3 0.0 18.8

25 170 00
224 00 48.6

0.0 211 153

25 170 00

25 170 oo
256 57 0.0
52.5 11 0.0
534 L3 0.0
534 13 0.0
69.4 11 00
184 1.5 0.0
973 27 0.0
95.1 4.9 0.0
738 7.1 0.0
64.6 7.7 0.0
478 11 0.0
21.5 203 00

0.0 233 148
224 ou 48.6

0.0 0.0 414

79 00 43.6
224 0.0 48.6

temp=—20°C

138 0.0 0.0

0.0 126 00
107 0.0 185
107 00 185
177 00 19.0
1177 0.0 19.0
3.0 177 0.0
10.7 00 185

3.0 177 00

30 17.7 0.0
248 52 0.0
510 11 0.0
515 11 00
540 0.0 0.0
51.1 11 o0
518 1" an
67.7 1.6 0.0
77.1 1.8 0.0
768 00 00
771 18 00
17.7 0.0 19.0
24.1 8.3 00
503 22 0.0
66.9 27 0.0
71 1.8 0.0

767
700
588
935
915
588
s88
549
361
337
337

524

675
728
740
740
633
633
650
740
650
650
576
376
n
386
373
7
473
488
536
488
633
682

562
488

“The composition units are: mol/100 mol of solute.

"The solid phases are:

“An isothermal method was used for these solutions. A polythermic method was used for all the other solutions.

=NaH,P0Q,- 2H,0; B=NaNO;; C=NH,H,PO,; D=NH,NO;; E= ice.
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Pant 2. The compiler has used the data in Part 1 10 calculate the following values

Soln NaNO, NH,NO, NH,H,PO, NaH,PO, H,0
o W, mr 100w, me 100w, me 100w, m* 100w;
] 3.4 6.50 0.00 0.00 0.00 0.00 9.03 1.28 586
2 323 6.45 0.00 0.00 0.00 0.00 8.87 1.26 589
1 24 579 4.07 0.881 9.85 148 0.00 0.00 517
4 KRN 7.70 0.947 0221 103 1.67 0.00 0.00 536
s 0.00 0.00 000 Q.00 841 115 282 372 633
6 £.22 162 0.00 0.00 8.68 126 23.4 326 59.7
7 7.37 140 VA 00 8.38 1.20 2241 297 62.0
8 146 286 0.00 0.00 9.54 138 15.7 2.8 60.1
9 200 389 0.00 0.00 972 139 9.66 133 606
0 351 270 0.947 0.221 103 1.67 0.00 0.00 53.6
11 351 7.7 0.547 0.22t 10.3 167 0.00 0.00 536
12 M2 717 0.00 0.00 9.62 149 0.00 0.00 56.2
3 340 7.83 0.1 248 470 0.800 0.00 0.00 S1.1
14 325 7.23 108 2.56 380 0,625 0.00 2.00 529
15 293 I8 247 6.96 161 0316 0.00 0.00 443
16 2.0 7.65 28.0 813 0.949 0.192 0.00 0.00 3.1
17 254 7.35 317 9.54 0.978 0.205 0.00 0.00 41.5
18 25.2 114 334 101 0.00 0.00 0.00 0.00 415
19 259 735 a7 9.54 0978 0.205 0.00 0.00 415
LS @00 0.00 45.8 109 176 0.291 0.00 0.00 525
21 0.00 000 45.6 109 1.82 0.30t 0.00 0.00 525
) 945 230 .7 10.5 1.45 0.261 0.00 0.00 48.4
2 i 292 40.2 10.7 1.20 0.222 0.00 0.00 46.9
21 ha a9 V72 103 1.15 0.221 0.00 0.00 453
7.6 4.59 36.4 10 1.00 0.194 0.00 0.00 45.0
259 7.35 37 9.54 0.978 0.205 0.00 0.00 415
27 0.0 0.00 220 379 5.66 0.679 0.00 0.00 724
24 0.0 0.00 20 119 5.54 0.664 0.00 0.00 725
29 422 0.673 144 244 7.62 0.598 0.00 0.00 738
30 594 0949 125 242 791 0933 0.00 0.00 736
3l 7.66 121 7.67 129 103 120 0.00 0.00 744
3 9.70 154 3.2 0.548 128 150 0.00 0.00 142
33 9.34 151 .00 0.00 133 1.58 4.51 0516 729
34 438 €730 0.00 0.00 1n7 144 133 1.57 706
35 000 .00 4.00 .00 9.93 1.29 233 290 66.8
36 0.00 0.00 0.00 0.00 9.51 123 230 2.85 674
a7 EIK] 6.12 0.00 0.00 0.00 0.00 8.19 113 60.4
a0 27.1 5.55 4.7 0227 nno 0no 104 1.49 58.1
39 9 76! 1.02 0.236 999 1.61 0.00 0.00 54.0
40 9.16 1.72 6.66 1.33 0.00 0.00 217 2.89 62.5
41 207 3.86 0.00 0.00 9.29 1.28 702 0.929 63.0
42 349 76% 1.02 0.236 9.99 161 0.00 ow 34U
43 349 7.6 1.02 0.236 9.99 1.61 0.00 0.00 54.0
44 317 6.95 1l 2.59 3.56 0.577 0.00 0.00 536
45 26.7 714 285 8.08 0.857 0.169 0.00 0.00 44.0
46 26.9 747 29.8 8.80 1.04 0.214 0.00 0.00 423
47 269 747 298 8.80 104 0.214 0.00 0.00 4.3
48 16.2 4.03 358 9.47 0.816 0.150 0.00 0.00 47.2
49 106 252 389 9.81 1.07 0.188 0.0 0.00 49.5
50 0.00 0.00 444 03 7 0.286 0.00 0.00 53.8
51 0.00 0.00 355 7.16 263 0.369 0.00 0.00 61.9
52 711 132 259 5.10 358 0.491 0.00 0.00 634

54 141 2.53 15.1
55 184 326 6.40
56 19.1 3.47 0.00
57 9.16 1 6.66
58 170 3.03 .00
59 15.0 2.76 230
60 9.16 1712 6.66
61 356 709 537
62 338 6.67 0.00
63 26.8 532 3.82
64 268 532 382
65 26.3 5.56 692
66 263 5.56 6.92
67 325 6.78 L6
68 268 532 3.82
69 325 6.78 116
70 325 6.78 116
7 315 6.75 05
72 271 7.08 27.1
73 269 7.06 2715
74 25.8 6.62 28.5
75 269 7.06 273
76 26.9 7.06 27.5
7 5.6 3.61 24
78 10.6 2.40 364
k] 1 240 34.6
80 10.6 240 364
81 263 556 602
82 275 5.51 9.23
83 209 4.30 20.8
84 4.1 30 292
85 10.6 240 364

0.803
0.803
1.55
1.55
0.256
0.803
0.256
0.256
239
7.54
7.67
177
7.6)
7.67
795
878
796
8.78
1.55

4.56
6.61
8.78

3 0.510 0.00 0.00
5.04 0.667 0.00 0.00
8.69 1.14 0.00 0.00
9.73 1.31 645 0.830
0.00 0.00 217 289
0.00 0.00 170 2.34
0.00 0.00 19.0 248
0.00 0.00 217 289
0.00 0.00 0.00 0.00
6.59 0.962 0.00 0.00
0.00 0.00 9.91 139
0.00 0.00 991 139
0.00 0.00 111 167
0.00 0.00 1.1 167
9.83 151 0.00 0.00
0.00 0.00 9.91 139
9.83 1.54 0.00 0.00
9.83 1.5% 0.00 0.00
3.16 0.502 0.00 0.00
0.841 0.163 0.00 0.00
0.844 0.164 0.00 0.00
0.00 0.00 0.00 0.00
0.846 0.164 0.00 0.00
0.844 0.164 0.00 0.00
110 0.188 0.00 0.00
122 0.205 0.00 0.00
0.00 0.0¢ 0.00 0.00
1.22 0.205 0.00 0.00
0.00 0.00 1n1 167
4.57 0.676 0.00 0.00
1.31 0.199 0.00 0.00
1.69 0.267 0.00 0.00
122 0.205 0.00 0.00

3The molalities are expressed as mol kg™ '

Auxiliary Information

Method / Apparatus / Procedure:
No information is given.

Source and Purity of Materials:
No information is given.

Estimated Error:

No information is given. The compiler estimates

FEProquCIDIItLy OF tie analyses 10 be about =27%.
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Components. Evaluator:

(1) Ammonium dihydrogeaphosphate; NH,HPO5: 1. Eysseltové, Charles University, Prague, Czech Republic
{7722-76-1] September, 1995

(2) Ammomium nitrate; NH,NO ; [6484-52-21

(3) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0]

(4) Potassium nitrate: KNO3; [7757-79-1]

(5) Water; H,0; [7732-18-5]

Critical Evaluvation:
8.3. NH; , K* || HsPO,~, NO; —H,0

One prominent feature of (he systems containing ammonium and potassiam salts is the formation of solid solutions. Because of
the isomorphy in the NHeH; PO, - KH,PO,~ HyO system, ™ the evaluator suspeets that articles reporting solid NH,H,PO, in the
presence of potassium salts. and vice versa, are in error, especially when reporting the nature of the solid phases. In the title

Components

(1) Ammonium dihydrogenphosphate; NH,H,PO,;

[7722-76-1]

(2) Ammonium nitrate; NH,NOy; [6484-52-2] .
ihydrogenphosphate; KH,POy; [7778-77-0]

(3) Potassium

Original Measurements:
1. P. F. Bochkarey, Tr. Vostoch.-Sibir. Gosud. Inst. 3-22 (1935).
2. A. G. Bergman and P. F. Bochkarev, Izv. Akad. Nauk SSSR,
Ord. Mat, Estesty. Nauk 237-66 (1938).

(4) Potassium nitrate; KNO;; [7757-79-1]
(5) Water; H,0; [7732-18-5]

Variables:

Temperature and composition.

Prepared By:

L. V. Chernykh and J. Eysseltové

Experimental Data

Solubility in the NH,H; PO, ~KNO;~H,0 system

System, the stable diagonal NH,H;PO,~KNO;—H,0 was studied by Bergman and Bochkarov."* From their data a

ructed. Figure 25, ot laast with recpect to solutions in equilibrium with twa salid phases. Rut, as

phae disgeum muy o oo
mentioned above. there is an uncertainty with respect to the precise nature of the solid phases. The work reported by Kamaukhov”
may be used to illustrate this uncentainty. In this article, solid solutions between each of the components and the compound
NH,NO,-3KNO, are reporied. Furthermore, the *‘invariant points’ reported in Ref. 10 cannot be fitted on Figure 25. The
evaluator surmises that the **modi > of KNO, and NH,H,PO,'®'" (and even ones not reported in the respective binary
systems (seepp 11-14) and, e.g., Ref. $) refloct the difficulties in stating precisely the nature of the equilibrium sofid phases.
Another article™ also reports the occurrence of solid solutions hetween ammonium and potassium phosphates as well as chlorides
inthe NH] . K' [|H;PO, ", NO,™, CI" ~H,0 system which can be formed by adding another component to the title system.
Apparently identic: ems were studied by Pozin et al.*? However, these data cannot be compared with each other because
different sections were studied: NHyH,PO,~KNO,~KCI-H,0 in Ref. 6 and NH,;H,PO;- NH,NO;-KCI-H;0 in Refs. 8.9.

o

References:

'P. F. Bochkarov, Tr. Vostoch.-Sibir. Gosud. Inst. 3 (1935).

2V, A. Polosin and R. K. Ozolin, Kaliy 10, 31 (1937).

*A. G. Bergman and P. F. Bachkarov, [zv. Akad. Nauk SSSR, Otd. Mat. Estestv. Nauk 237 (1938).

V. A. Polosin and R. K. Ozolin, Trudy TSKhA, Yubileynyi Sbornik 29 (1940).

3A. Scideli, Sotubilities of Inorganic and Metal Organic Compounds, D. Van Nostrand Co., New York, p. 1106 (1953).
®A. G. Bergman and M. 1. Shakhparonov, Izv. Sektora Fiz. Khim. Analiza, Inst. Obshch. Neorg. Khim. Akad. Nauk SSSR 221,
331 (1953).

'A. S. Karnaukhov, Zh. Obshch. Khim. 26, 1281 (1956).

¥M. E. Pozin, B. A. Kopylev, and N. A. Shilling, Zh. Prikl. Khim. (Leningrad) 37, 2341 (1964)

M. E. Pozin, B. A. Kopylev, and N. A. Shilling, lzv. Vissh. Ucheb. Zaved., Khim. Khim. Tekhnol. 8, 883 (1965).
WA. G. Bergman, L. V. Opredelenkova, and A. B. Dzuev, Ukr. Khim. Zh. 33, 285 (1967).

IM. R. Endovitskaya and V. 1. Vereshchagina, Zh. Neorg. Khim. 15, 2265 (1970).

20 T T aa T
\ NH4H2PO4
+19r 1
I o
~
3 S 1
Zio} 1
N 4
o
4 ) ]
£ sf ice L, KNO3 1
0 i I 1 ]

0 5 10 15 20 25 30
mass 7 KNO3
FIG. 25. Solubility in the NH H,PO,~KNO3~H,0 system.

NHyHyFO, KNU3 HU Sona
Comp® 100w; myfmol kg™'® Comp® 100w; m;fmol kg™ Comp® 100w, phase®
temp=0°C
100 184 20 0 0.0 0.0 2832 81,6 A
75.1 72 19 249 5 06 2170 778" A
62.3 158 18 317 84 11 1909 758 A
49.1 137 16 50.9 116 15 1773 74.7 A+B
53 11.6 1.3 47 115 15 1990 769 B
294 54 06 706 1.4 1.4 2892 832 B
0 00 00 100 12 12 4448 888 B
temp=10 °C
100 213 24 0 00 0.0 2360 787 A
789 204 24 211 48 0.6 1847 748 A
67.6 190 23 324 80 L1 1658 730 A
552 164 20 48 1.7 16 1546 719 A
50.1 153 19 49.9 134 19 1491 73 A
415 13.0 16 58.5 16.1 22 1445 709 A+B
376 1 13 62.4 160 22 1596 730 B
217 5.1 0.6 783 10.2 2.0 21306 78.7 B
0 00 0.0 100 16.6 20 2819 834 B
temp=20°C
100 255 30 ] 0.0 0.0 1866 745 A
826 24.0 29 17.6 a5 06 1568 75 A
80.79 225 28 19.21 .17 1t 1681 69.8 A
61.1 20 2.5 89 112 16 1342 68.3 A
502 17 22 49.8 148 2.1 1287 68.2 A
4 152 1.9 56.0 17.0 25 1253 6.8 A
322 118 15 67.8 218 32 1159 664 A+B
292 102 13 70.8 217 32 1247 68.1 B
155 4.7 0.6 M5 24 in 1542 729 B
0 00 00 100 23.0 3.0 1781 7.0 B
: temp=30°C
100 30.2 38 o 0.0 0.0 1475 9.8 A
84.6 27.5 35 154 44 0.6 1338 68.1 A
5.8 260 34 242 73 11 1242 66.7 A
66.5 239 32 335 106 16 1163 65.5 A
51 192 26 490 16.2 25 1096 646 A
39.1 15.4 2.1 G0.5 211 3.2 1045 63.3 A
256 106 15 744 27.0 43 964 624 A+B
235 95 13 6.5 272 42 1000 633 B
115 43 06 885 29.0 43 1142 66.7 B
o 00 00 100 310 44 1249 69.0 B

*The composition unit is: mol/100 mol sotute.
*The molalities were calculated by the compilers.
“The solid phases are: A= NH,H,PO,; B=KNO,.
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NOTE: The above data are given in both source papers, but source paper (2) also contains data for the composition of sofutions in
cquilibrium with two or three sofid phases. These data ure given below

Composition of solutions existing in equilibrium with two or three solid phases

KNO, NH,H,PO, H,0 Solid
comp® 100w, m/mol kg '® comp? 100w, m/molkg ' " comp® 100w, 1°C phase®
O O 0 100 174 183 3032 82.6 ~44 A+B
270 50 0.62 73.0 154 1.68 2410 796 -53 A+B
415 8.6 Ll 8.5 138 155 2101 776 -60 A+B
497 120 160 30.3 138 1.02 1726 742 04 DiC
60.9 174 246 9.1 127 158 1373 69.9 126 B+C
68.2 220 328 318 1.7 153 1152 66.3 207 B+C
758 286 464 242 10.4 148 907 61.0 327 B+C
478 9.5 12 522 1.8 1.30 2223 79.7 =57 A+C
5001 95 1.2 499 10.8 118 2356 78.7 —54 A+C
67.2 9.7 Ll 32.8 54 0.55 3300 849 —42 A+C
100 9.8 11 0 0 0 5169 90.2 -25 A+C

453 9.6 12 547 132 149 2043 77.2 ~63  A+B+C

“The composition unit is: mol/ 100 mol solute.

PThe molalities were caleulated by the compilers. The unit is: mol kg ™',
“The solid phases are: A=ice; B=NH,H,PO,; C=KNO;.

Auxiliary Information

Source and Purity of Materials:
Chemically pure materials were recrystailized before use.

Method / Apparatus / Procedure:

A visual polythermic method was used.

Estimated Error:
No information is given.

Components

(1) Ammonium dihydrogenphosphate; NHyH, PO,
(7722-76-1)

(2) Ammonium nitrate; NH;NO3; [6484-52-2]

(3) Potassium dihydrogenphosphate; KH,PO,: [7778. 77-0]
(4) Potassium nitrate; KNOy; [7757-79-1]

(5) Water; H,0; [7732-18-5]

Original Measurements:

A. G. Bergman, L. V. Opredelenkova, and A. B. Dzvev, Ukr.
Khim. Zh. 33, 285-7 (1967).

Variables:
Temperature and composition.

Prepared By:
J. Eysseltova

Experimental Data

G and of invariant points in the KNQO;~ NH H,PO,~H,0 system
KNO; NH,H,PO, H,0
°C 100w, mmol kg™ ' 100w; mmol kg™ !* 100w; Solid phases®
=77 85 L1 155 L 76.0 A+B+C
55 160 233 16.0 2.05 68.0 B+C+D

40 350 6.53 120 1.97 53.0 B+D+E

16.5 1.5 1.85 270 3.82 61.5 C+D+F’

9.5 16.0 4.52 490 12.2 35.0 D+E+F
“These values were calculated by the compiler.
The solid phases are: A=ice; B=a-KNO;; C=a-NH,H,PO,; D="unidentificd conversion product”; E=g-KNOj; F

= B-NH,H,PO,.

Additional Data: The relative areas of individual erysalzaion fields e jce=3:76%; a-NHUH;PO,=4.16% 5-NH,H;PO;

=22.83%; @-KNO;3=9.76%; B-KNO,=52.93%; phase D=6.5

Auxiliary Information

Method / Apparatus / Procedure:

A polythermic method was used.! The appearance of the first
crystals as well as the disappearance of the last crystals was
recorded.

Source and Purity of Materials:

Reagent grade KNO; and NH,H,PO, were recrystallized and
dried before being used. Their melting points were 337 and 200
°C, respectively.

Estimated Error:

‘The only information given is that the difference between the
temperature of dissolution of the Jast crystal and appearance of
the first crystal was kept to a minimum.

References:
'A. G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskie
Osnovy lzucheniya i, Ispol’zovaniya Solyanykh

Mestorozhdeniy, Khlorid-Sul’fatnogo Tipa, Moscow, IAN,
SSSR (1951).

vevl

ISHMHIA 'd "L ANV YAOLTASSAL



8661 ‘9 "ON ‘22 "ICA ‘Bieq “JoY ‘weyD "shud

Components

(1) Ammonium dibydrogenphosphate: NHH,PO,:
(7722-76-1}

(2) Ammanium mtrate; NHgNO,: [6484-52-2]

(3) Ammonium chloride; NH.CL; [£2125-02-9]

(4) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0]
(5) Potassium nitrate: KNO,; [7757-79-1]

(6) Potasivm chloride; KOl [7747 40 7]

(7) Water; Hy0: [7732-18-5]

Original Measurements:

A. G. Bergman and M. L. Shakhparonov, Izv. Sektora Fiz. Khim.
Analiza, Inst. Obshch. Neorg. Khim. Akad. Nauk SSSR 21,
331-45 (1953).

Variables:

Composiuon and temperature.

Prepared By:
J. Eysseltova

FExperimental Data
Part 1. Six sections through the system were investigated. The sections are:

I KNO,-(25 mol% KCl + 75 mol% NHyH,PO,)-H,0
2 KNO;-(50 mol% KCl + 50 mol% NH,H,PO,)-H,0
No.3 KNO,-(75 mal% KCl + 25 mol% NH,H,PO,)-H,0
4 KNO,;~(96 mol% KCI + 4 mol% NH,H,PO,)~H,0
5 KCI~(40 mol% KNO, + 75 mol% NH,H,PO,)- H,0

No. 6 NH,H;PO,~(57.6 mol% KCl + 42.4 mol% KNOy)~H,0
Compostion of saturated solutions in the NH;H,PO;~KNO; ~KCI-H,O system.

Section 1. Solubility Isotherms

Sotn KCl NH.H,PO, KNO, H,0 Solid
no comp? comp* comp* comp® phase®
temp=—-5°C
1 25.0 750 0.0 2750 A
2 227 68.0 9.3 2760 A
] 28 728 35 2730 A
4 228 68.3 8.9 2780 A
5 20.6 619 17.5 2700 A
6 13.1 389 48.0 2660 A
7 127 382 49.1 2670 A
8 169 510 321 2240 [
9 17.6 55.6 25.8 2270 C
10 203 61.1 18.6 2310 C
" 22, 63.0 93 2410 C
12 250 75.0 00 2530 c
winp=-0 "¢
13 25.0 75.0 0.0 2240 D
14 227 68.0 9.3 2110 D
15 220 66.3 1.7 2060 b
16 179 53.8 283 2030 D
17 16.3 49.2 345 2000 D
18 14.6 43.7 417 1920 D
9y 13.1 389 48.0 2000 B
20 108 325 56.7 2270 B
21 9.5 28.6 61.9 2530 B
22 6.6 20.1 733 2950 B
23 0.0 0.0 100.0 4280 B
temp=10 °C

24 25.0 75.0 0.0 1000 D
25 227 68.0 93 1680 D

26
27
28
29

31
32
33

35
36
37
38
39

41
42
43

45
46

250

750
65.2

389
26.5
28.6
27.8
250
221
14.8

78

0.0

75.0
59.1

334
255
227
1.4
130

0.0

temp=20 °C

temp=30°C

temp=35 °C

70.6
80.3
89.6
1000

0.0
21.2

55.5
66.1
69.8
742
82.7
91.1
100.0

1640

1550
1560
1490
1650
1760
2120

2720

1480
1380
1330
1360
1350
1290
1250
1200
1210
1330
1540
1780

1240
1180
1o
120
130
1030
1040
1020

970
1030
1150
1220

1140
1070

T WWOUOUOUOLCUQ WEEWWwWOU OO UOUU TEwE@wOUOU

UwwwoOUUUo
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Cr and of invariant points
Soln KCt NH,H,PO, KNO; H,0
a0 s comp* comp® comp® comp” Solid phase®
69 0.0 00 100.0 4940 A+B
70 n7 68.0 93 2460 A+C
7 13 389 48.0 2440 A+B
72 131 389 48.0 1620 B+D
7 95 286 61.9 12i0 B+D
7 95 286 61.9 3130 A+B
s 78 22 700 3476 A+B
7% 2.1 364 515 2530 A+B
77 207 625 168 2370 A+D
78 174 52.1 203 2290 ATD
79 135 404 46.1 1780 B+D
30 190 512 233 2330 A+D
81 250 750 0.0 2570 A+D
82 144 432 424 2130 A+B+D
The compiler has cafculated the following values from the data given above
Soln Kt NH,4H,PO, KNO,; H,0
no 100w, mgfmol kg™! 100w; mmol kg™! 100w, mfmol kg™! 100w;
' 2 a5 144 152 0.0 00 825
2 28 0.46 13.0 137 16 0.19 826
3 30 0.48 140 148 06 0.07 824
4 28 0.46 130 136 15 018 827
5 26 0.42 2.1 127 3.0 036 823
o &) Q21 77 081 83 1.0 823
7 6 026 75 079 85 Lo 823
8 25 042 16 126 64 0.80 795
) 26 043 125 1.36 51 0.63 798
10 29 0.49 135 147 36 045 80.0
" 34 052 145 1.57 17 021 80.6
n a2 .54 152 1.62 0.0 0.0 8L
13 37 0.62 17.0 1.86 00 00 793
14 s 0.60 161 179 19 024 784
15 15 0.59 160 179 25 032 780
16 28 0.49 132 147 6.1 017 779
17 26 ads 122 137 75 096 776
18 24 0.42 12 126 9.4 12 770
3 21 036 9.7 116 105 133 777
20 16 0.26 73 0.80 112 139 799
2i 13 021 59 0.63 1n2 136 816
22 08 0.1 37 038 i1 138 839
23 0.0 0.0 .0 0.0 11.0 1.30 334
2 43 0.77 20.1 234 00 00 755
25 42 075 192 225 23 031 743
26 5.1 093 149 179 74 10 726
27 27 0.49 124 147 113 152 736
28 26 0.47 n7 139 127 172 730
29 43 0.80 13 137 127 125 n7
30 23 0.42 10.5 127 149 204 723
3 18 032 8.2 056 157 2.08 743
32 15 027 69 0.80 16,0 210 756
33 07 0. 34 038 169 212 789

102

81.6

799
75.6
80.1
815
88.2

;1443
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Section 2. Solubility Isotherms cr and of invariant points
Soln KCl NH,H;PO, KNO, H0 Solid Soin KCl NH,H,PO, KNO; H,0
no comp® comp® comp® comp® phase® no o/°) comp* comp® comp® comp* Solid phase®
temp= 5 °C 50 500 500 00 2660 A+D
1 50.0 500 0.0 3010 A 51 426 426 148 2520 A+D
2 451 45.1 98 2920 A 52 230 230 54.0 3020 A+B
3 420 426 148 2860 A 53 23.0 230 540 1320 B+D
4 7.2 372 5.6 2400 b 54 187 187 2.0 3420 A+B
s 20 4zo 143 2450 b 55 18.7 187 626 1090 B+D
6 50.0 500 00 2600 D 56 200 200 600 3290 A+B
temp=0°C 57 378 18 244 2450 A+D
! l’: :g(’; Sg ;;3)3 g 58 218 78 444 1770 B+D
9 426 426 148 2180 D 59 00 00 1000 4940 A+B
0 e o %2 2060 b 60 310 310 380 2340 A+B+D
5l 220 23.0 4.0 2450 B
12 187 187 626 2820 B
13 17.5 17.5 65.0 2890 B
13 00 00 100.0 4280 B
emp=10°C
15 50.0 50.0 0.0 1820 D
16 4206 426 148 1825 D
17 170 370 260 1770 D
18 242 242 516 1570 B
19 187 187 62.6 1820 B
20 230 2.0 54.0 1620 B
2 130 130 740 2110 B
2 0.0 00 1000 2720 B
temp=20 °C
23 50.0 500 0.0 1570 D
2 466 6.6 68 1560 D
2 426 426 148 1510 D
26 24 284 432 1360 D
27 230 23.0 54.0 1240 D
28 193 19.3 61.4 1250 B
29 187 187 626 1250 B
30 9.3 9.3 81.4 1530 B
3 0.0 0.0 100.0 1780 B
temp=30 °C
2 500 00 1330 D
33 426 148 1290 D
34 37.3 254 1240 D
35 230 540 1060 D
36 223 S84 1070 D
37 18.7 62.6 1000 D
38 15.1 698 980 B
39 68 864 1120 B
40 00 100.0 1220 B
temp=35 °C
41 500 50.0 00 1230 D
42 426 426 14.8 1200 D
4 336 336 328 1120 D
44 230 2.0 540 1010 D
45 184 184 60.2 950 D
46 18.7 18.7 626 940 D
47 13.4 134 732 860 B
48 58 5.8 884 920 B
49 0.0 00 1000 1040 B

S3HIS VLVA ALINENTOS LSIN-OVdNI
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The compiler has calculated the following vatues from the data given above

Section 3. Solubility Isotherms

Soln Kl NH,H, PO, KNO;3 H,0
no 100w, m/mol kg™' 100w, mJmot kg™ 100w, m,mol kg™} 100w;
1 59 0.92 9.0 092 0.0 0.0 85.1
2 54 036 8.4 086 16 0.19 846
3 52 0.83 8.0 083 25 029 843
4 5.2 0.86 8.1 0.86 49 0.59 81.8
h RE 0.93 2.0 0.93 25 .33 B2
6 6.6 11 10.2 107 0.0 00 832
7 73 1.2 1.2 119 0.0 0.0 816
¥ 70 12 10.8 116 08 0.1 81.3
9 6.5 11 10.0 1.09 3l 038 204
0 51 0.86 7.4 086 78 0.98 793
n 12 052 49 0.52 10.1 122 818
12 23 037 35 037 104 123 83.7
13 21 0.34 32 0.34 10,6 1.25 84.0
14 0.0 0.0 0.0 0.0 1.6 1.30 884
15 8.8 15 13.6 153 0.0 00 776
16 15 13 116 1.30 35 045 774
17 6.6 1.2 10.3 1163 6.3 0.82 768
18 47 0.6 13 0.86 137 183 742
19 33 057 50 057 148 191 76.8
20 4.4 0.79 6.8 0.79 140 1.85 748
21 20 0.34 3 0.34 15.6 1.95 792
22 0.0 0.0 00 00 174 204 829
23 9.9 18 152 177 0.0 0.0 74.9
24 9.2 17 143 1.66 1.8 024 74.7
25 8.6 16 133 157 4.1 054 740
26 62 1.2 9.5 1.2 128 1.76 7.5
7 5.3 10 8.2 10 17.0 242 69.4
as 1.1 0.86 6.0 0.86 19.2 2.72 60.5
29 43 083 6.6 083 19.6 278 69.5
30 1.8 0.34 29 0.34 219 296 734
3l 0.0 0.0 0.0 0.0 240 312 760
32 1.2 209 172 2.09 0.0 0.0 71.6
33 9.7 1.8 179 1.83 4.6 0.64 708
34 5.7 17 134 1.67 80 L4 69.8
s 59 12 9.2 12 189 283 66.0
36 5.7 12 8.8 12 19.3 2.88 66.2
37 5.0 10 7.7 10 27 348 64.6
38 a1 086 63 0.86 256 396 64.0
39 1.7 034 26 034 289 429 66.8
a0 0.0 uG [UAY) uu 310 4.3 08.>
a1 1.8 226 18.2 2.26 0.0 0.0 700
42 102 1.97 15.7 197 4.8 0.69 69.3
43 84 17 129 167 1L 163 67.5
44 6.1 1.3 9.4 13 19.5 297 649
s 5.1 1 79 11 238 352 64.1
46 52 1Ll 8.0 L1 236 370 63.1
47 19 0.87 6.1 087 2.1 473 608
48 16 035 25 035 336 534 623
49 0.0 00 0.0 00 35.1 534 64.9
50 6.5 10 10.0 104 00 0.0 835
5t 5.8 0.94 8.9 094 27 033 826
52 2 042 4.1 042 85 059 847
53 51 0.7 79 097 16.3 227 70.8
s4 20 030 30 030 89 10 86.2
55 4.7 0.95 73 095 215 319 66.5
36 22 034 33 0.34 8.8 1.01 85.7
57 5.2 0386 8.1 0.86 46 055 82.1
58 5.0 087 7.7 0.87 10.8 139 6.5
59 0.0 00 0.0 0.0 102 112 80.8
60 45 074 6.9 074 74 0.90 812

Soln KCl NH,H,PO, KNO, H,0 Solid
no comp® comp® comp® comp* phase®
; temp=~5°C
1 750 250 00 3140 A
2 603 2.1 19.6 3100 A
3 476 155 36.5 2830 A
4 476 159 36.5 2420 B
5 60.3 20.1 196 2180 D
6 750 250 0.0 2500 D
temp=0°C
7 75.0 250 0.0 2300 D
8 603 201 196 1970 D
9 416 159 36.5 2010 B
10 349 16 53.5 2720 B
11 159 53 788 3560 B
12 0.0 0.0 100.0 2720 R
temp=10 °C
13 750 250 0.0 1920 D
14 60.3 20.1 19.6 1670 D
15 505 168 327 1540 D
16 416 159 365 1450 D
17 349 116 53.5 1770 B
18 159 53 788 2260 B
19 0.0 0.0 1000 2720 B
temp=20°C
20 75.0 25.0 00 1650 D
2 60.3 20.1 19.6 1420 o)
2 525 17.5 300 1310 D
23 476 159 36.5 1250 D
24 39.0 13.0 480 1180 B
25 349 116 53.5 1230 B
26 159 53 788 1530 B
27 0.0 00 100.0 1780 B
temp=30 °C
2% 750 250 00 1430 D
29 63.0 20.1 196 1240 D
30 17.6 159 36.5 1100 D
31 37.7 126 297 940 D
32 349 116 53.5 890 D
33 30.8 103 589 940 B
34 159 53 78.8 1070 B
35 0.0 00 100.0 1220 B
temp=35 °C :
36 750 250 00 1330 D
37 63.0 20.1 19.6 1160 D
38 476 159 36.5 1020 D
temp=35 °C
39 349 11.6 535 850 D
40 30.1 100 579 200 D
41 275 9.2 633 840 B
42 159 53 7838 920 B
43 00 0.0 100.0 1040 B

gevlL
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Crystallizati and of invariant points Section 4. Solubility Isotherms
Suln kel KNOy H0 b Soln KCl NHH,PO, KNO; H,0
P 1#°¢ comp comp comp Solid phase - compt ot comp’ comp? Sofid phase®
E 750 0.0 2580 A+D
as 603 19.6 2250 A+D temp=—10 °C
46 476 ;22 ﬁgg g:g t 96.0 40 00 1750 A
E .3
% s 535 3260 A+B 2 900 37 6.3 1630 A
3 49 535 910 B+D 3 9.0 37 63 1510 E
0 159 8 4130 4rB 4 96.0 40 00 1620 E
s 414 [ = =50
B oo 1000 4940 A+B temp=-—5°C
53 56.2 250 2150 A+B+D 5 96.0 4.0 0.0 3320 A
6 90.0 37 63 3260 A
The compiler has caleulated the following values from the data given above 7 807 33 e 3190 A
3 856 27 37 2§70 A
Soln KCl NH,H,PO, 3 H,0 9 656 27 317 2450 B
no o, mmol kg ! 100w, mmol kg™ ' 100w, mmol kg™' 100w, 10 80.7 33 16.0 1300 B
" o ” ) o 1 90.0 37 63 1410 E
i Ko 13 4. X X K g
2 70 11 036 3.1 03s 864 12 %0 0 temp=0°C 0 i B
3 59 avi 0.31 6.1 0.72 849 P
4 a7 ¥ 037 2.0 0.81 82.9 13 96.0 40 0.0 1430 E
5 9.4 15 0.51 41 0.50 8.7 14 90.0 37 6.3 1320 E
6 105 167 0.56 0.0 00 842 15 80.7 33 160 1180 E
7 n.2 1.81 . 0.60 00 0.0 83.0 16 65.6 2.7 317 1920 B
8 102 1.70 52 0.7 45 055 80.1 P o5 10 PO 2050 R
9 7h 132 4.0 0.4 82 10 80.0 18 n1 10 769 730 B
10 45 03 23 024 93 11 840 1 00 oo 000 2% 5
11 1.6 0.25 0.8 0.08 10.8 123 86.8 A " 3
12 o 0.0 a.0 0.0 17.1 2.04 829 temp=10°C
@ 130 2 67 0.72 0.0 0.0 80.3 20 96.0 40 0.0 1260 E
14 16 20 6.0 0.67 5.1 065 774 2 %0 37 63 1180 E
15 103 182 53 0.61 9.0 12 755 2 80.7 13 16.0 1070 E
16 103 182 52 061 105 L4 742 2 746 31 23 980 N
i7 63 1.1 32 0.36 131 [ 713 24 65.0 27 317 1240 B
18 24 0.39 12 013 158 1.94 206 25 os s poyd 1680 b
19 00 0.0 00 00 17.1 204 829 - - -
20 147 253 75 084 00 00 778 2 2.1 1.0 769 2300 B
21 131 236 6.7 0.79 5.8 0.77 74.4 27 0.0 00 100.0 2720 B
22 12.0 223 62 0.74 93 13 725 temp=20°C
2 12 212 58 07 n 162 73 28 9.0 40 0.0 1150 F
2 95 L& 49 061 159 236 696 P 9.0 37 63 1080 e
2 83 16 42 052 172 242 703
2% 32 058 16 019 214 286 738 ;g 23; ;3 ;;'g :gg :
27 00 00 00 0.0 240 342 760 - - -
28 163 290 8.4 097 00 0.0 752 32 656 27 317 920 B
29 156 282 74 0.90 63 0.88 73 33 425 18 55.7 1310 B
30 123 240 63 0.30 129 1.84 686 34 21 10 769 1550 B
3l 107 223 55 074 192 294 646 35 00 00 100.0 1780 B
o b Iy i 061 26 v o temp=30°C
3 4 0.83 21 0.28 75 409 663 i %0 40 00 1060 F
s 00 0o on 0o 318 4.5 625 37 90.0 37 6.3 990 F
36 173 313 89 10 00 a0 739 38 807 33 160 890 F
» 157 3.02 7.7 0.96 65 094 69.9 39 656 27 317 750 F
33 129 2.59 6.7 0.37 13.5 1.99 669 40 425 18 55.7 980 B
39 10.6 238 54 0.78 219 3.50 62.1 4 2.1 10 769 1100 B
40 95 209 49 069 243 402 609 ) 589 24 87 850 B
a1 83 182 43 061 26.0 419 61.4
2 45 096 23 032 303 476 629 3 00 00 oo 1040 B
a3 00 0.0 00 00 351 534 649 temp=35°C
A1 w2 161 52 0.54 0.0 00 206 44 9%6.0 40 00 o ®
45 9.1 1.5 47 050 40 048 822 45 90.0 37 63 940 F
46 65 1.0 33 035 6.7 080 835 46 80.7 33 16.0 860 F
47 96 17 49 057 9.9 13 756 a7 65.6 27 a7 720 F
a8 38 0.5¢ 20 020 80 091 863 48 a5 19 559 9 B
49 0.t 213 5.2 071 210 327 63.7 P 221 o 269 940 e
50 14 o2 07 0.07 95 11 884 js 3 -
51 96 1.8 47 057 144 20 73 - 23 434 720 B
52 00 0.0 00 0.0 102 112 89.8 51 00 0.0 100.0 1040 B
§3 8.8 1.5 4.5 0.49 53 0.65 81.3
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Crystalt and comp of invarant points The compiler has calculated the following values from the data given above
- . y : Soln KCt NH,H,PO, KNO; H,0
Soln ke NH.H;PO, KNO, H.0 ) v no 100w, mimol kg™ ’ . mifmol kg-! 100w, mifmol kg™ 100w;
no ¢ comp? comp? comp comp® Solid phase!

1 18.3 3.05 N} 0612 0.0 0.0 80.5

2 ran 260 +0 00 1030 ATE 2 181 3.07 11 013 17 021 79.1
53 1100 96.0 40 00 1260 E+F 3 192 a3l 12 .14 1.8 0.23 7.8
4 195 3.29 13 0.14 0.0 00 9.2

S 109 0.0 37 o7 1330 AtE 5 106 16 07 007 00 00 887
55 Fion %00 37 6.7 1180 E+F ps 10.1 153 06 006 1o o 883
s6 9y 0.7 33 160 1720 A+B 7 9.2 14 06 0.06 25 028 878
8 8.1 13 05 005 53 061 86.0

57 a6 80,7 33 160 1250 B+E H 8 1 9s 005 33 s s
5§ -38 425 18 5.7 3560 A+B 10 192 345 12 .12 51 068 745
» 57 656 22 317 2530 A+B 1 202 355 13 015 19 025 766
60 $25.4 65.6 27 317 780 B+F 12 20-5 3.51 13 0.15 0.0 0.0 782
13 15 373 14 0.16 00 00 772

o1 32 2 10 769 4320 A+B 14 213 379 13 0.16 20 0.27 753
62 - 100 0.7 a3 16,0 1070 E+F 15 20.6 3.80 1.3 0.16 55 0.75 724
63 190 841 35 110 E+F 16 114 190 0.7 0.08 75 092 80.4
- 7 5.1 080 04 004 9.1 10 855

o 1100 o M 980 BeF 18 21 033 02 0.01 101 115 8756
65 27 00 00 [ 4940 AtE 19 00 0.0 00 00 16 1.30 88.4
66 1.2 83,7 35 128 1400 A+B+F 20 236 a2 1s 018 00 0.0 749
67 410.0 76.5 2.0 215 1070 B+E+F 21 23.1 424 LS 0.17 22 0.30 732
2 2.1 419 14 017 59 083 706

23 21.8 4.23 1.4 .18 8./ 13 68.3

24 158 291 10 012 10.4 142 727

25 7.4 126 0.7 0.08 13.1 165 788

2 32 053 02 0.02 153 186 81.3

27 00 00 00 00 17.1 204 829

28 253 464 16 019 00 00 73.1

29 247 4.63 L6 0.19 23 0.32 714

30 235 4.57 15 019 63 091 68.8

31 206 420 13 017 124 187 A7

32 196 3.96 12 0.16 123 191 66.3

3 97 18 06 0.08 17.3 236 724

34 44 079 03 004 208 2.76 745

35 00 00 00 00 2.0 302 760

36 208 503 17 021 0.0 00 715

37 2.2 5.05 1.7 0.21 25 03s 696

38 250 5.04 1.6 021 6.7 1.0 6.7

39 23 486 14 0.20 146 235 61.6

40 119 241 08 0.10 211 3.16 66.2

4 56 112 04 0.05 265 3.88 675

) 180 3712 11 015 16.0 244 649

43 0.0 0.0 0.0 00 315 455 68.5

44 276 5.23 18 0.22 0.0 oo 70.7

a 200 532 17 022 26 037 68.5

46 256 5.21 16 021 69 1.03 659

47 229 5.06 15 021 150 245 60.7

48 136 299 09 0l 24.2 392 612

49 62 131 04 0.06 294 4.54 640

50 187 419 12 0.18 202 335 59.8

51 0.0 00 0.0 00 35.1 534 648

52 192 323 12 0.13 0.0 00 796

53 23.6 423 15 n1g 0.0 0.0 T4.9

54 188 323 12 013 19 0.24 78.1

55 231 424 15 017 23 032 734

56 154 261 10 o 42 052 794

57 19.7 3.59 12 015 53 071 73.7

58 43 066 03 003 7.7 087 87.7

59 9.1 L4 06 006 59 0.70 84.4

60 218 467 14 0.19 143 226 62.5

61 19 028 01 001 8.9 0.99 89.1

62 221 419 14 017 59 0583 70.6

63 25 421 1.4 0.18 45 062 716

64 215 42 L4 0.18 8.7 1.26 68.3

65 0.0 0.0 0.0 00 102 L12 89.8

66 188 332 1.2 0.14 39 051 76.0

67 208 397 08 [ 79 L1z 704

(110 28
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Section . Solubility Isotherms cr and of invariant points
Soln KCl NI, H,PO, KNO, H,0 Solid Soin KCl NH,H,PO, KNO, H,0
o comp! comp* comp* comp* phase” no 1ec comp® comp® comp® comp® Solid phase®
temp== - 10 °C _
| Toun 00 00 1750 A b o4 00 0 400 2120 A+D
5 oy 54 37 1690 A 57 ~54 29 45.7 304 2330 A+D
; b 54 17 1610 E 58 ~6.3 57.8 254 16.8 2400 A+D
4 1000 0.0 00 1660 E 50 —%4 216 17.0 s 1910 U+E
temps= -5 °C 60 +13.0 89.0 126 84 1150 D+F
b 1.0 00 00 3430 A 61 ~106 90.9 54 37 1610 A+E
o 909 54 37 3390 A
] w00 oa s 80 A 62 +8.2 9.9 54 37 1230 E+F
M STH 254 16.8 3040 A 63 -3.1 88.6 68 46 1380 D+E
9 239 45.7 304 2740 A 64 +240 88.7 6.8 45 1050 D+F
i 00 60.0 40.0 2680 A 65 -11.2 88.5 69 46 1600 A+D+E
" 0.0 60.0 40.0 2060 D o6 7.3 5.8 6.7 45 1240 D+E+F
1 210 457 30.4 2330 D
12 578 254 168 2330 D
14 432 16,1 10.7 1750 D
15 904 5.4 37 1480 D
16 o 0.0 0.0 1580 D
temp=(}"C
17 100.4) 00 0.0 1500 E
1% 909 54 a7 1370 E
19 R0 7.1 48 1370 D
0 ¥s2 149 99 1540 D
n S7% 254 16.8 2130 D
2 2y 45.7 304 2100 D
2 v 60.0 40.0 1870 D
temp=10°C
24 100.0 00 0.0 1350 E
25 90.9 54 37 1210 F
2 8.3 120 7.7 1220 F
27 854 8.8 5.8 1330 D
% 578 254 16.8 1790 D
2 239 45.7 304 1740 D
0 183 519 4.6 1570 D
3 00 60.0 400 1560 D
lemp=20*C
2 100.0 0.0 00 1200 E
33 90.9 5.4 37 1110 F
34 %96 122 8.2 1090 F
35 823 106 71 1280 D
0 578 254 16.8 1530 D
37 239 457 304 1440 D
] 220 46.8 312 1420 D
9 0.0 60.0 100 1320 D
temp=30C
40 o 0.0 00 1110 F
4 90.9 5.4 37 1020 F
4 87.0 78 5.2 1020 D
a3 771 137 92 1200 D
44 578 254 168 1320 D
45 300 420 280 1280 D
46 239 457 304 1210 D
47 00 60.0 40.0 110 D
temp=35 °C
48 100.0 0.0 00 1070 F
49 90.9 54 37 970 F
s0 855 8.7 58 1010 D
51 741 155 10.4 1150 D
s2 578 254 16.8 1240 D
53 350 39.0 260 1180 D
54 239 457 304 1100 D
ss 0.0 60.0 40.0 1010 D

S3IH3AS VLVa ALITIENTOS 1SIN-OVdNI
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The compiler has calcutaed the following values from the data given above Section 6. Solubility Isotherms

Soln KCl NH,H,PO, , H,0 Soln KCl NH,H,PO, KNO, 1,0 Sotid
no 100w, mdmal kg ! 100w, myfmol ky ! 100w, mJmol kg ' 100w, no comp® comp® mmp’a comp® phase”
i 1.4 s e Y o v.o 80.9 lemp=-5°C
2 1.7 299 16 018 ) 0.12 796 P
3 154 4 17 0.19 10 013 789 ! 464 196 340 3020 A
4 200 138 L0 0.0 0.0 0.0 80.0 2 385 332 283 2860 A
s 108 1.62 0o 0.0 0.0 0.0 89.2 3 268 535 19.7 2960 A
o 9.9 1.5 09 0.09 05 0.06 88.7 4 176 69.4 130 2810 A
7 79 12 a2 0.32 19 0. %l 2; 0 5 14.5 749 106 2680 A
3 6.8 L1 46 0.46 27 031 9
9 30 048 K8 0.93 52 0.62 83.0 f’, i: §§‘§’ :iz ﬁiﬂ :
10 0.0 0.0 n7 1.24 6.8 0.83 815 - ’ o
it 00 0o 144 0.62 8.4 Ll 72 8 487 157 356 2410 B
12 34 0.57 1.1 1.09 59 0.72 80.6 temp=0°C
13 8.5 57 0.61 33 040 824 9 576 0.0 424 2360 B
14 15.3 46 051 27 034 7.5 10 499 13.5 36.6 2040 B
15 19.7 B 0.20 11 0.14 774 1 185 332 %3 2170 o
16 08 00 0.0 0.0 0.0 79.2 12 269 o 196 5100 o
17 20 00 0.0 0.0 00 78.4 3 pogd pope 183 2060
18 200 19 0.22 12 015 76.0 ) § -3 b
19 202 25 0.29 15 019 758 14 145 749 106 2280 D
20 173 47 0.54 27 0.36 753 15 470 18.5 345 1890 D
21 9.1 6.2 0.66 36 0.44 811 16 00 100.0 0.0 2810 D
2 37 1.0 1.21 6.4 0.80 789 temp=10°C
23 00 155 178 9.1 12 754 17 576 00 24 1610 B
i ns 00 0.0 0.0 0.0 765
2 29 2 025 13 0.17 737 :g 2;; ng :;Z :Zgg D
26 204 49 0.59 25 035 712 8 B
7 00 32 0.37 18 024 750 2 85 332 23 1770 D
2% 0.5 7.1 0.79 4.1 052 783 21 302 417 2.1 1730 D
29 43 2.7 1.46 74 097 756 22 269 53.5 19.7 1730 D
W0 26 15.4 184 9.0 122 73.0 23 145 749 10.6 1830 D
2 o0 17.7 2.4 10,4 112 710 24¢ 0.0 100.0 00 2250 o
a2 257 00 0.0 0.0 0.0 743 femp=20°C
3 244 22 027 13 0.19 79 - 576 00 w24 1140
EAl 214 49 0.56 29 0.42 68.8 : g B
3 197 39 0.46 23 031 4.1 26 538 6.6 39.6 1012 B
36 1.8 8.0 092 4.7 0.61 75.5 2 488 150 352 1210 D
37 49 14.6 1.76 8.5 1.2 719 28 385 33.2 283 1480 D
ki 6 15.1 1.83 8.8 1.2 TS 29 36.7 36.4 269 1480 D
0 0.0 19.9 253 17 168 68.4 20 342 407
40 212 0.0 00 00 0.0 728 31 269 52 5 f; ; ::;g g
41 239 24 029 14 0.20 703 oy las o 1os
42 247 34 0.42 2.0 0.28 69.9 P ; g : 1460 D
43 19.3 5.3 0.63 X 043 7.3 - 00 1000 0.0 1790 D
- 122 E 8.0 1.07 52 071 727 temp=30 °C
38 638 1.30 147 1.82 86 122 699 34 576 00 424 810 B
46 6 110 16.5 2.10 9.6 1.40 683 35 54.7 50 40.3 760 B
47 00 0.0 23 3.00 13.1 200 64.6 36 531 79 pogs 290 b
a8 279 519 0.0 0.0 0.0 0.0 721 P 464 o5 31 1150
49 2.9 521 25 031 15 0.21 69.1 s WS y : b
50 244 470 38 0.48 22 032 69.6 b 350 2.5 1270 D
51 19.0 358 6.1 075 36 0.50 72 39 312 459 229 1260 D
52 13.8 259 9.3 Ll 54 075 7.5 40 26.8 535 19.7 1210 D
53 B4 16 14.3 1.84 8.3 1.2 68.0 K 145 749 19.0 1w P
54 6.0 12 176 231 103 154 66.1 42 0.0 100.0 00 1480 b
55 0.0 00 2.7 330 139 220 624 s e
56 0.0 00 141 1.57 82 105 77 . 576 o TRTWTC 3 o
57 34 0.57 10.1 1.09 59 072 80.6 " o he ’ B
58 83 13 56 0.59 33 0.39 828 s oo -3 406 660 B
59 140 2.37 4.5 049 26 033 789 9.4 384 880 D
60 214 4.30 49 0.61 29 041 69.8 46 44.8 223 329 1110 D
61 184 34 17 0.19 10 013 789 47 388 327 285 1180 D
02 27 401 21 0.24 12 017 74.0 48 284 50.7 209 1150 b
63 202 157 24 0.27 14 0.19 76.0 49 20 534 197 1090 b
6 247 469 29 036 17 0.24 707 50 145 749 106 1080
65 180 307 22 024 13 016 786 e 00 1000 - b
66 219 3.98 26 0.30 L5 0.20 74.0 N - - 00 1310 D

cevl
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and ¢

of invariant points

‘The compiler has caiculated the following values from the data given above

Soln KCl NHH,PO4 KNO, H,0 Solid
o RS comp? comp® comp* comp* phase®
52 13 57.6 00 424 2740 A+B
s3 57 RS 312 283 2440 A+D
S4 6.0 268 535 19.7 2400 A+D
ss 53 145 749 0.6 2490 A+D
56 L0 47.0 18.4 346 1900 B+D
57 [RRE1 50.2 128 3.0 1250 B+D
K 1240 540 6.3 39.7 900 B+D
s 0.0 a8.4 i6.1 35.5 2480 A+B
b 57 208 635 157 2300 A+D
[ H 442 233 s 2360 A+B+D

Soln KCl NH,H,PO, KNO; H,0
no 100w, m,/mol kg~! 100w; m,/mol kg™’ 100w, mfmol kg™' 100w,
1 54 085 35 036 54 063 85.6
2 a7 075 63 0.64 47 055 843
3 32 0.50 9.7 1.0 31 037 840
4 21 0.35 130 137 21 0.26 827
5 18 0.30 146 1.55 18 022 81.8
o 30 0.52 14. 1.54 3. 0.38 797
7 38 0.64 119 128 38 047 80.5
8 69 L1 34 0.36 69 082 828
9 84 14 0.0 0.0 84 1.0 832
10 8.1 14 34 0.37 8.1 1.0 804
3] 59 0.99 79 0.85 59 0.72 80.3
12 42 071 128 142 4.1 0.52 788
13 39 0.67 138 1.53 39 0.49 784
" 2.1 035 160.6 1.83 2.1 .20 92
15 8.1 14 49 054 8.1 1.01 789
16 00 0.0 185 198 00 0.0 81.5
17 114 199 0.0 0.0 1.4 1.46 712
18 79 14 7 0.88 7.8 101 76.6
19 13 205 31 036 1.3 1.50 74.3
20 6.9 12 9.2 10 6.9 0.89 76.9
21 54 0.97 13.1 153 70 0.93 745
b2l 49 0.6 149 172 a8 0.63 754
23 25 0.44 19.7 227 25 0.32 753
24 00 0.0 221 247 0.0 0.0 719
25 148 281 0.0 0.0 147 2.07 70.5
26 149 295 238 0.36 14.8 247 6715
27 19 224 56 0.69 6 1.62 709
28 79 14 10.6 125 79 1t 736
29 7.5 14 1ns 137 75 10 734
30 70 13 129 1.54 70 095 73.0
31 55 10 169 204 54 0.75 7.2
32 29 0.55 233 285 29 0.40 70.9
33 0.0 0.0 26.3 310 0.0 0.0 737
34 185 395 0.0 00 18.5 291 62.9
33 1.2 00 26 0.37 182 295 61.0
36 159 331 37 049 159 243 64.5
37 16 224 75 0.94 1.6 1.65 69.3
38 86 16 124 153 86 12 704
39 7.1 14 162 202 7.1 1.0 69.6
40 63 12 193 246 6.2 0.90 68.2
41 34 0.68 26.8 3.50 33 0.49 66.5
42 0.0 00 302 375 0.0 0.0 69.8
43 20,1 451 0.0 0.0 200 331 59.9
44 20.0 464 24 036 199 342 57.7
45 158 330 44 0.59 157 242 64.1
46 1.4 224 EX 112 4 165 68.4
47 9.4 18 172 154 0.4 1.2 62.0
48 6.9 14 190 245 6.9 1.0 67.2
49 67 14 206 272 6.7 1.0 65.9
50 36 075 285 385 35 055 64.4
H 0.0 00 328 424 00 0.0 67.2
52 74 12 0.0 0.0 74 0.86 852
53 54 088 7.1 076 54 0.64 82.1
54 37 0.62 115 124 37 0.46 81.0
55 L9 032 155 1.67 19 0.24 80.6
30 8. 137 49 0.54 8.1 1.0 89
57 19 223 47 057 1.9 1.64 7.5
58 16.1 333 29 039 16.1 245 64.9
59 6.7 1.1 34 0.36 6.7 0.80 83.1
60 3.0 0.50 14.1 1.53 31 0.38 79.8
61 64 1.0 52 0.55 6.4 077 820

“The composition unit is: mol/100 mol of solute.
"The solid phases are: A

“NH,H,PO is the cquitibrium solid phase for these solutions (compiler).

ice; B=KNOy; C=(K.NH,)H,PO,: D=(NH,,K)H,P0,: E= a-(NH,,K)Cl; F= 8-(NH,,K)Cl.

S3AIH3IS v.LvA ALITIANTOS 1SIN-OVdNi
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Compiler’s Commient: The authurs du not discuss the difference between solid phases C and D. Very likely these phases arc identical

and should be understeod ax ~*solid solution.”

Components Original Measurements:
Part 2. Composition of solutions saturated simultancously with KNO,, (NH K)CE and (NH K)H,PO, (1) Ammonium dihydrogenphosphate; NILTLTO,, M. E. Fozin, B. A. Kopylev, and N. K. Shilling, Zh. Prikl. Khim.
[7722-76-1) (Leningrad) 37, 2341-8 (1964).
Soln KC) NH,H,PO, KNO, H,0 {2) Ammonium nitrate; NH,NO;; [6484-52-2]
o s comp? comp? comp® comp* (3) Ammonium chloride; NH,Cl; [12125-02-9]
(4) Potassium dinydrogenphosphate; KH,PO,; [7778-77-0]
, so 825 50 125 1400 (5) Potassium nitrate; KNOy; [7757-79-1]
N - Potassium chloride; KCI; [7747-40.7]
2 205 1150 @
2 ne 725 70 (7) Water; Hy0; [7732-18-5)
3 10.0 710 6.0 230 920 R .
4 200 67.0 6.5 265 770 Variables: Prepared By:
s 0.0 62.0 4.0 340 700 Composition at 15 and 25 °C. 1. Eysseltova

*Thie composition unit is: mol/ 100 mol of solute.
e Experimental Data

The compiler has cateulated the following values from the data given above Past 1. The authurs present their solubility isotherms in the following form: Solubility in the NH,H,PO,~ NH,NO, - H;0 system
¢ compiler has calculated the g valucs

-~ p N KNG, o Soln Solute NH,NO, NHLH;PO, kel N PO, K0
, . no 100w, comp comp’ comp comp comp’ comp
no 100w, mmol kg ! 100w, mfmol kg 100w, mfmol kg 100w,
temp=15°C

1 1.5 127 17 0.20 38 050 759 1 2 2@ 17.00 16,00 2530 19.00 5570
2 187 350 28 034 72 099 714 2 32 5235 26.15 2150 4200 31.50 26.50
3 03 429 28 036 94 14 66.6 3 30 62.00 31,00 7.00 51.00 38.00 11.00
3 ) 483 34 0.47 120 191 622 4 30 4280 3420 23.00 35.00 38.50 26.50
s 2y 0 22 032 163 270 596 5 30 35.00 35.00 30.00 29.00 3790 33.10
6 30 2825 2825 43.50 2290 30.00 47.10
7 30 3055 24.45 4500 23.80 26.40 49.80
Aunxiliary Information 8 28 49.70 39.80 10.50 41.65 4595 1250
- - B 25 arn 5178 16.50 35.30 46.10 18.60

Method / Apparatus / Procedure: Source and Purity of Material 10 28 27.85 44.65 27.50 25.40 45.80 283

A visual polythermic method was used No information is given. n 2 2420 38.80 37.00 22,00 39.50 385
12 28 23.00 23.00 54.00 1840 24.10 57.50
Estimated Error: 13 28 2055 16.45 63.00 16.50 17.00 66.50
No information is given. 14 28 16.68 13.32 70.00 12,50 1375 7375
15 28 1125 11.25 77.50 8.70 1130 80.00
16 25 3650 58.50 5.00 3120 5640 12.40
1 25 23.80 63.20 13.00 25.50 61.60 13.00
18 25 15.30 40.70 44.00 16,10 39.00 44.90
19 25 15.20 2430 60.50 13.50 2450 62.00

-tomp—05 °C

20 34 61.00 30.50 8.50 510 38.00 11.00
21 34 33.00 33.00 34,00 2715 3555 3730
2 34 32.00 3200 36.00 26.25 3425 39.50
23 3 3055 2475 44.50 24.05 2795 48.00
2 32 2725 3175 25.00 39.20 4320 17.60
25 32 4250 42.50 15.00 36.00 47.00 17.00
2 » 26.00 4150 3250 2405 4225 39.70
27 32 o0 26,00 48.00 21.00 27.40 51.60
28 32 26.13 20.85 53.00 20.20 2210 57.70
29 30 46.25 4625 7.50 39.66 5178 8.56
30 30 33.80 54.20 12,00 31.00 5630 1270
31 30 20.50 5425 25.00 21.70 53.70 24.60
32 30 18.00 48.00 34.00 1920 46.80 34.00
3 30 2190 35.10 43.00 19.70 35.70 44.60
34 30 2250 2250 50.00 18.00 2350 58.50
35 28 24.50 65.00 10.50 26.00 63.50 10.50
36 28 15.50 41.50 43.00 16.60 40.40 43,00
37 28 1635 26.15 57.50 14.50 26.30 59.20

*The composition unit is g/100 g of sohute.

vevl
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Pant 2. The compiler has calculated the following solubility valucs from the data in Par 1

Soln NH,NO, NH,H,PO, KCl H,0
no 100w, mmal kg ! 100w, myfmol kg ! 100w, m;fmol kg~! 100w,
I 10.8% 2,00 5.44 0.70 15.68 3.09 68.00
2 10.75 308 837 1.07 6.88 136 68.00
3 18.60 332 9.30 1.15 210 0.40 70.00

4 1284 2.29 10.20 .27 o 1.32 70.00

5 10.50 1.87 10.50 1.30 9.00 172 70.00
b BA% bSE 8.48 1.03 13.05 2.50 70.00
7 .47 1.64 734 091 13.50 259 70.00
8 1392 241 1114 1.35 294 0.55 72.00
Y 1169 203 14.49 1.75 4.62 0.86 72.00
10 7.80 12.50 1.51 7.70 1.43 72.00
t 0.7% 10.86 1.31 10.36 193 72.00
12 6.44 6.44 0.78 15.12 282 72.00
13 5.75 461 0.56 17.64 329 72.00
14 467 373 0.45 19.60 3.65 72.00
15 15 a1s 0.38 21.70 404 72.00
16 9.13 1463 170 125 022 75.00
17 595 15.80 1.83 325 0.58 75.00
% 83 1018 118 11.00 1.97 75.00
19 280 6.08 0.70 1513 270 75.00
20 20.74 10.37 1.37 2.89 0.59 66.00
21 1.2z 1.2z 1.48 11.56 235 66.00
22 10.88 10.88 143 12.24 249 66.00
23 10.39 8.42 .1t 15.13 3.07 66.00
24 ’72 12.08 1.54 8.00 1.58 68.00
25 13.60 13.60 1.74 4.830 095 68.00
26 8.32 13.28 170 10.40 2.05 68.00
27 8.32 832 1.06 15.36 3.03 68.00
28 8.36 6.67 0.85 16.96 3.35 68.00
29 £3.88 13.88 1.72 225 0.43 70.00
30 10.14 16.26 202 3.60 0.69 70.00
Ell 6.15 1628 202 750 1.44 70.00
32 5.40 14.40 179 1020 195 70.00
33 6.57 1053 131 1290 247 70.00
34 6.75 675 084 15.00 287 70.00
35 6.86 18.20 2.20 2,94 0.55 72.00
36 4.34 11.62 1.40 1204 2.24 72.00
37 4.58 0.79 7.32 0.88 16.10 3.00 72.00

Auxiliary Information

Method / Apparatus / Procedure:
A polythermic method was used.' Because of the tendency for
ion, the of di of the Last
crystal was ohserved. The experiments were performed in 250
ml glass vessels The olntions were ctirrad at 900_1300 rpm.
The speed of heating was | deg/min. The compiler assumes
that the isotherms were derived graphically from experimental
results

Source and Purity of Materials:
Chemically pure salts were recrystallized two or three times
bhefore use.

Estimated Error:

The mean relative error of the cxperiments was specified as
1.6%. The ility of was
0.25 K.

References:
‘A. G. Bergman and N. P. Luzhnaya, Fiziko-Khimicheskiye
Osnovy Izucheniya i Ispol'zovaniya Solyanykh Mestorozhdeniy
Khiorid-Sul’fatnogo Tipa. Moscow, IAN SSSR (1951),

Components

(1) Ammonium dibydrogenphosphate; NH,H,PO,;

[7722-76-1]

(2) Ammonium nitrate; NH,NOs; [6484-52-2]
(3) Ammonium chloride; NH,Cl 12125-02-9]

{4) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0]

{5) Potassium

iiuatc, KNOy, [7737-79-1]

(6} Potassium chloride; KCI; [7747-40-7]
(7) Water; H,0: (7732-18-5]

Original Measurements:
M. E. Pozin, B. A. Kopylev, and N. K. Shilling, lzv. Vissh.
Ucheb. Zaved., Khim. Khim. Tekhnol. 8, 883-8 (1965).

Variables:
Composition at 15 °C.

Prepared By:
1. Eysseltova

Eapciiuscntal Daw
Supersaturation in the NH¢H,PO,—~NH,NO; ~KCI-H,0 system at 15 °C

Part I. The authors’ data:

Point NH,NO, NH,H;PO, KCl Total nutrition Solid
No. 3* comp® comp® comp® solute soln phase*
1 32 4t 41 18 55.93 179 A
2 2 17 17 66 60.12 19.25 B
3 2 288 462 25 59.93 19.1 A
4 32 242 38.8 37 60.46 193 B
s 2 192 508 30 63.11 202 A+B
6 30 338 542 12 59.51 1785 A
7 30 173 277 55 61.18 1835 [«
8 30 238 632 13 63.23 18.95 A
9 30 159 4.1 a2 63.10 1893 c

10 2 35 56 9 58.29 16.30 A
1 28 7.7 123 R0 & 18 174 c
12 28 2725 7225 0s 63.17 1.7 A
13 28 137 36.3 50 63.13 17.65 c

“This is the total solute 100w; value.

e composition unit
“The solid phases are:

00w, of solute.

NH,H;PO,; B=KNO,; C=KH,PO,.

SIS YLva ALINIENT0S LSIN-OVdNi
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Part 2. The compiler has calculated the following solubility values from the data in Part |

Point NH,NO, NHH,{ PO, KCl H,0 Components Original Measurements:
. -1
no. o, mmob kg ! 100w, mfmol kg ! mmol kg 100w; (1) Ammonium dihydrogenphosphate; NH,H,PO,; A. M. Babenko and A. M. Andrianov, Zh. Neorg. Khim. 29,
B} ———— [7722-10-1] 1> /8-82 (1984).
1 131 241 131 1.68 11 68 (2) Diammonium thiosulfate; (NH,),S;0y; [7783-18-8]
2 s4 10 54 0.70 42 68 (3) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0}
3 92 7 148 189 17 68 (4) Dipotassium thiosulfate; K,5,05; {10294-66-3]
4 71 1.4 124 1.59 233 68 (5) Water; H,0: [7732-18-5]
63 208 19 68 E
B ol B 6 Varlables: Prepared By:
6 (8] 181 163 202 0.69 70 Composition and temperature. 1. Eysseitovd
7 3.2 (UVAY 8.3 1o 310 70 po: pe! - - Eysseitova
8 71 1.3 19.0 235 075 70
9 4x 0.85 126 1.57 241 i _ ) Experimental Data
o 08 7 157 189 047 72 Part. 1. Points of simultancous crystallization of two or three solid phases in the NH,H,PO,-K;S,03~ H,O system
K 0.4 4.17 72
:1 ji ‘:-27 23: ) 45 oo I NH,H,PO, K,8,0, H,0 Sofid
- : ’ - g - 100w, mj/mol kg™ 100w, Jmol kg™1* 100w, 1°c b
13 3% 0.67 102 123 26 72 " ® phases
180 191 0 0 820 -44 A+B
ary Information 180 212 8.2 058 738 -54 A+B
120 1.48 176 131 70.4 ~7.1 A+B
Mecthod / Apparatus / Procedurer Source and Purity of Materiale: 0.0 0.79 28.2 2.2 0.8 -34 A+H
Mixtuses of dry salts and water were stirred vigorously Chemically pure salts were recrystallized three times before use. 40 0.60 e 150 s76 120 AdB
(90 - 1200 rpm) and heated 12 °C above the temperature at 74 097 260 _
which the Tast erystal disappeared. The solution was then Estimated Error: 13'2 g : 205 66.6 8.0 A+B
cooted at the fate of 1 -2 deg/hr and the temperature al which No i o . 1.53 12.0 0.84 748 —56 A+B
the last crystal disappearcd was observed. The supersaturation 0 information is given. 24 0.43 4838 525 438 -186 A+B
isatherms were constructed graphically. 20 039 539 6.42 4.t -74 B+C
147 0.269 51.0 5.64 41.53 ~188 A+B+C

*These values were calculated by the compiler.
"The solid phases are: A=ice; B=NH,H,PO,; C=K,S,0;.

oevlL
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Part 2. Solubility isotherms in the NH,H;PO,~ K;S;0,-H;0 system

NI, H PO, K80, H,0 Solid
100w, mmol kg 100, ol kg ' 100w, phases”
temp=—10°C
i 0 370 3.09 63.0 A
195 0.209 35.0 292 63.05 A
2.6 016 8.7 525 487 B
40 0.60 38.4 3.50 576 B
142 0.26% 525 6.00 46.08 c
0 0 215 144 785 A
ot 0.09 188 1.31 752 A
1317 1534 122 0.859 74.63 A
100 1.5 LX3 AUR13 7.0 A
150 212 8.2 0.58 738 B
20 148 17.6 131 704 B
T4 096 26.0 203 66.6 B
6.0 079 282 225 65.8 B
26 046 187 525 487 B
14 0.27 535 6.23 45.1 c
temp=0°C
19.1 28 81 728 B
13.1 1.54 130 739 B
6.4 hE 28.08 65.52 D
44 0.7 38.24 57.36 B
28 .50 48.6 48.6 B
13 0.25 54.2 4.5 c
2.0 0.39 3.0 450 C
temp=10C
214 203 7.86 0.584 70.74 B
140 162 174 131 69.6 B
7.2 0.97 28.0 227 64.8 B
30 0.54 48.5 525 48.5 B
22 0.43 538 6.42 440 B
13 0.268 56.2 6.945 42.49 c
o o 60.0 788 400 c

“These values were calculated by the compiler.
e solid phases are: A=ice; B=NHH,PO4; C=K; 8,0,

Aunitiary Information

Method / Apparatus / Procedure:

An impraved visual polythermic method' was used.

Source and Purity of Materials:

Reagent grade or chemically pure NH, H,PO; was recrystallized
twice and dried at 30-50 °C. K,$,0; (pur., TU 6-09-44-70) was
recrystallized twice and dricd at 105 °C.

Estimated Error:

Piccisiva of tnperatwe weasucnent way - 0.4 K.

References:
'L. N. Erayzer and 1. M, Kaganskiy, Zavod. Lab. 1, 119 (1967).

Components

(1) Ammonium dihydrogenphosphate; NH;H,PO,:
[772276-1)

(2) Ammonium chioride; NH,Cl; [12125-02-9]

(3) Sodium dihydrogenphosphate; NaH,PO,; [7558-80-7]
{4) Sodium chloride; NaCl; [7647-14-5]

(5) Water; H,0; [7732-18-5]

Original Measurements:

A. P. Solov’ev, E. F. Balashova, N. A. Verendyakina, L. F.
Zyuzina, Resp. Sb. Nauch. Tr.-Yaroslav. Gos. Pedagog. In-t.
169, 79-84 (1978).

Variables:
Compasition at 25 °C.

Prepared By:
J. Eysseltové

Experimental Data
Solubility in the Na*, NH,*J[CI=, H,P0,™~H,0 system at 25 °C

NaH,PO, NiCl NH,H,PO, NH,CI Na* H,PO,~ Solid
100w, md 100w, m? 100w, m? 100w, m? comp® comp® phase®
25.0t 348 15.13 433 — — — — 100.0 44,63 A+B
2474 363 13.97 421 4.55 0.70 — — 91.75 50.72 A+B
2326 351 12,90 4.00 859 135 - — 8469 54.92 A +B
24.19 385 1101 3.60 12.40 206 —_ — 78.31 62.25 A+B+C
4347 8.12 - — 1193 235 - — 77.68 100.0 B+C
38.32 725 454 176 13.11 259 — — 77.69 84.72 B+C
3290 5.20 8.00 2.96 12.79 240 - - 78.74 7375 B+~C
3054 2.3/ Y.33 3.51 12,78 .35 — —_— 78.86 69.71 B+C
12.30 178 16.87 496 12.58 1.88 - — 7820 42.40 A+C
— 2085 575 17.10 240 - — 7077 29.23 A+C
- 16.07 421 5.64 075 12,93 370 48.58 8.66 A+C+D
- 17.07 441 282 037 13.88 392 50.69 434 A+D
— 17.15 4.40 - — 16,14 452 49.24 — A+D
- 8.68 218 4.48 0.57 18.75 515 2755 726 C+D
- 589 1.48 515 066 2111 5.82 18.67 832 Cc+D
— 1.59 039 560 0.70 2291 6.13 536 9.12 c+D
— — - — 6.12 0.78 2554 6.98 — 1017 Cc+D

*The motalities were calculated by the compiler.

PThe solid phases are: A=NCI; B=NaH,PO,- 2H,0; C=NH,H,PO,; D=NH,CI.
“In the original article these values were designated as ion %. The compiler believes that the units here are: mol/100 mol of solute.

Auxiliary Information

Method / Apparatus / Procedure:

1ne metnod of invanant points was used. A third component
was added to eutectic systems until a new solid phase
appeared. At equilibrium both liquid and solid phases were
analyzed. Chloride ion content was determined by the Volhard
method. H,PO,™ ions were precipitated as NH,MgPO, -6H,0,
and the excess of Mg was titrated complexometrically.’
Ammonium ions were removed and the excess of base was
titrated with HCI.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

References:
'F. M. Shemyakin, E. N. Zelenina, Zavod. Lab. 6 (1969).

S3IHIS V.iva ALITHENTOS LSIN-OVdNi
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Componeats Evaluator:

(1) Ammuonium dihydrogenphosphate: NHH, PO J. Eysseltovi, Charles University, Prague, Czech Republic
(7722 76.1] September 1995

) Anmosmom cilorile, NTLCL [ 12125-02-9]

(3) Potassium dibydrogenphosphate; KH PO, [7778.77.0)

149) Potassium chloride; KCI; [7747-40-7)
15) Water; HyO: [7732-1%-5]

Components Original Measurements:
(1) Ammonium dihydrogenphosphate; NHH,PO,: P. Askenasy, F. Nessler, Z. Anorg. Chem. 189, 305-28 (1930).
[7722.76-1}

(2) Aumnouium Chlonide; NHCL; [12123-02-9)

(3) Potassium dihydrogenphosphate; KH,PO,; [7778-77-0]
(4) Potassium chloride; KCI; [7747-40-7]

(5) Water; H,0; [7732-18-5]

Critical Evaluation:

8.4. NH,*, K'| H,PO,", CI"=H,0
The NI K 1LPO, L CF HLO sy tont!} or in torms of the diagonal
NH 1,0, KCT 11,02 Formation of solid solutions between bath dihydrogenphosphates and chlorides is the prominent
feature of this system. The data in the different reports cannot be compared with cach other because of different experimental

conditions, The phase diagram of Ref, 2 —-sce Figure 26—can be accepted tentatively.

hae bean vtudied sithor in broader

References:
'P. Askenasy and F. Nessler. F. Z. Anorg. Chem. 189, 305 (1930).

V. A. Polosin and M. L. Shakhparonov, Zh. Fiz. Khim. 21, 119 (1947).

*A. lovi and €. Haidue, Rev, Roum: Chim. 16, 743 (1971)

*7. N, Fokina, E. N. Kornishina, and P. P. Kim, Tekhnologiya Mineral'aykh Udobreniy (Leningrad) 63 (1977).

W

(NH,,K)H,PO,

8-(NH,,K)C1

mass 7 NHaH2P04
=

a~(NH,KCI

0 10 20 30
mass 7 KCl

FIG. 26. Solubility in the HyHyPO;~KCI-H0 system

Variables: Prepared By:

Composition at 0 °C. J. Eysseitova

Experimental Data
Part 1. The authors' data:
Points of simultancous crystallization of several solid phases in the K™, NH," || CI”, HyPO, ™ ~H,0 system a1 0°C

Soln Density Mol/100 mol solute

no g cm™ H,PO,~ a- K* NH,* H,0 Solid phases®
1 11100 7.6 924 8.0 920 925 “NHCI" +*NHH,PO,"
2 11134 77 923 2.1 87.9 905 “NH,CI"*+*NHH,PO,
3 11300 8.1 919 179 82.1 888 “NH,CI"" +*“NHH,PO, "
4 11335 8.5 915 24 756 850 “NH,CI" +**NH, H,PO,
5 11385 87 913 2.7 73 810 termary eutectic point

6 11504 83 917 9.8 702 865 “KCI"+*KH, PO,

7 11514 83 917 07 613 887 “KCI'+ ' KH, PO,
8 1.1657 75 925 66.6 334 135 “KCI"+'KH,PO, ™
9 11695 77 923 85.8 142 1310 “KCI” +"'KH, PO,
10 1.1740 73 9.7 90.0 10.0 1380 “KCP+<KHPO, "

1 11272 36 96.4 282 78 845 HKCI” +NH,CL”

°A formula in quotation marks refers to a solid solution rich in that component.

Distribution of K* and NH,* in the solid and liquid phases of the solutions existing in equilibrium with (K.NH,)H,PO,

Liquid phase Solid phase
Soln mol/100 mol solute mol %
no H,PO,” - K* NH,* H,0 K* NH,*
12 9.8 902 57.8 422 1090 85.5 14.5
13 459 54.1 9.2 50.8 1690 789 211
14 338 66.2 455 54.5 1680 n7 283
15 274 726 427 573 1450 66.1 339
16 772 728 433 56.7 1565 64.8 352
17 197 803 409 59.1 1135 622 378
18 13.1 86.9 389 61.1 1130 622 37.8
19 26.7 733 442 SS8 1555 56.4 15.6
20 245 75.5 36.9 63.1 1665 557 443
2 9.8 90.2 266 34 925 312 688

22 18.3 81.7 28.7 713 1235 29.2 708

8evi
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Part 2, “The compiler has recaleulated the authors’ data to give the following values:

Soln BP0, «l K’ NH, ! H,0 Solid
o 0w, , 100w, m, 100w, m, 100w, m, 100w, phase®
| s 0.45 1447 554 138 0.48 7.32 552 7355 A+B
2 RRE) 047 14.63 5.66 2.1 0.74 7.08 5.39 7282 A+B
3 351 .50 14.67 5.74 315 LI 6.66 5.13 7196 A+B
4 Ax0 053 1196 598 439 159 6.28 4.94 70.54 A+B
5 400 0.59 1536 6.26 5.32 1.96 6.10 4.89 69.19 C
o ol 0,53 1474 5.88 528 11 573 4.50 70.58 D+E
7 157 051 1444 574 5.67 204 5.39 421 70.91 D+E
% 2603 06 1186 452 941 325 217 1.63 73.90 D+E
9 LR 0132 10,48 391 10.74 3.63 0.82 0.60 75.54 D+E
0 217 0.29 10,10 ERE] 1081 3.02 0.55 0.40 76.34 D+E
" 1.3 023 1529 6,32 518 1.8 6£.08 1.72 7015 D4+F
12 154 049 11.94 4.59 843 294 2.84 215 7323 G
13 .23 150 484 177 485 1.61 231. 1.66 76.65 G
14 KK I 647 2.18 4.60 1.50 254 1.80 78.28 G
15 750 104 7.56 27% 490 163 303 2.19 76.68 G
16 7.30 0.96 718 258 4.68 1.53 283 20t 78.02 G
17 080 0.96 10.22 393 5.74 200 382 2.89 73.34 G
15 4.08 0.04 1128 4.27 5.56 191 403 3.00 74.46 G
19 721 0.95 723 261 481 157 280 199 77.93 G
20 6.3 0.81 7.12 251 383 123 302 2.10 79.69 G
Rl 40 nax 1Rl sd1 449 159 ST 440 T1RR G
n 6.05 0.82 9.8% 367 382 1.29 4.38 3.20 75.84 G

“Fhe sobid phases are: A== "NHLCI™'; B= " NH,H,PO, " C=ternary eutectic point; D=""KCI"'; E=""KH,PO,"; F = “NH,CI"; G =

a precipitate designated as (K,NH;)H; PO, The quotation marks have the same meaning as on the preceding page.

Auxiliary Information

Metod 7 Apparats 7 Procedure:
Binary eutonic solutions were prepared on the basis of a
prefiminacy investigation of the boundary ternary
Samples on the curve for the simultaneous crystatlization of
two salts were then prepared by adding a third component
The mixtures were shaken in a thermostat for 2--4 days. The
solid phase was isolated by centrifuging. The analytical

methads are not described.

tems.

Svurce and Purity of Materfals;

No information is given

Estimated Error:
The temperatore was controlled to within % 0.1 K. No other
information is given.

Components

(1) Ammonium dihydrogenphosphate; NHyH,PO,;

[772276-1)

(2) Ammonium chloride; NH,CI; [12125-02-9]
ium dihydrogenphosphate: KH,PO; [7778-77-0}

(3) Potas

(4) Potassium chloride; KCl; [7747-40-7]
(5) Water: H,0; [7732-18-5)

Original Measurements:

V. A. Polosin and M. 1. Shakhparonov, Zh. Fiz. Khim. 21,
119-23 (1947).

Variabl

Composition and temperature.

Prepared By:

J. Eysseltovd

Experimental Data
Part 1. Solubility isotherms in the KC1-NH,H,PO,~H,0 system

KCl NH,H,PO, H,0 Solid
100w, comp? mmol kg™'® 100w, comp® myimol kg 100w, comp® phase®
19.10 100.0 347 0.00 0.00 80.90 1744 A
17.75 94.40 2,954 1.65 0.178 80.60 1772 A
19.12 84.40 3.242 178 0.196 79.10 1613 B
9.80 100.0 146 000 0.00 90.20 1668 c
2165 100.0 3.707 0.00 0.00 78.35 1496 c
2102 2440 3,720 1.98 5.60 0224 76.70 1404 B
19.00 91.20 3.260 283 8.80 0315 7817 1552 D
11.76 77.60 1.500 524 22.40 0.549 83.00 2266 D
8.20 58.00 133 9.18 42.00 0.966 82.62 2415 D
6.10 40.00 1.02 1408 60.00 1533 79.82 2170 D
239 17.00 0402 17.81 83.00 1.940 79.80 2371 D
0.00 0.00 0.00 18.50 100.0 1973 81.50 2813 E
temp=10°C
100.0 4.120 0.00 0.00 0.00 76.50 1348 c
94.40 4200 217 5.60 0253 74.50 1246 F
93.00 4.175 269 7.60° 0315 7421 1226 F
77.60 2.262 6.04 2240 0.653 80.40 1903 D
65.40 1823 891 34.60 0.966 80.19 1991 D
47.50 1.39 13.78 52.50 1.533 78.12 1898 D
32.20 1.03 18.84 67.80 2173 75.36 1734 D
17.00 0.504 21.25 83.00 2434 75.90 1890 D
0.00 0.00 2210 100.0 2.466 77.90 251 E
temp=20 “C
25.70 100.0 4.639 0.00 0.00 0.00 74.30 1195 c
24.89 94.40 4586 231 5.60 0276 72.80 1135 F
2263 90.40 4.120 370 9.60 0437 73.67 1218 F
15.36 77.60 2648 6.84 22.40 0.764 77.80 1625 D
13.70 71.00 2.366 8.63 29.00 0.966 7167 1666 D
1020 53.90 1.792 13.47 46.10 1.534 76.33 1671 D
8.00 40,10 146 18.40 59.90 2173 73.60 1529 D
390 20.00 0.726 2402 90.00° 2897 72.08 1533 D
330 17.00 0.615 24.70 83.00 2982 72.00 1544 D
0.00 0.00 0.00 26.30 100.0 3.102 73.70 1789 E
temp=25°C
26.50 100.0 4.836 0.00 0.00 0.00 73.50 1147 G
2562 94.40 4712 238 5.60 0.287 72,00 1096 F
2500 91.10 4709 3.80 8.90 0.464 71.20 1072 F

S31H3S V.LVa ALITIENTOS 1SIN-OVdNt
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2256
10,26
15.00
1h30
9.0
640
354
a.00

2770
2707
2496
220
1R.00
17.80
14,00
1140

9.60

4.01

89.70
77.60
73.30
56.70
43.50
29.00
17.00

000

100.0
94.40
90.70
K69
77.60
77.00
62.60
49.30
39.60
17.00

4120
2851
2,630
2010
1.68
1.32
0678
L0

5.138
5184
4712
4.121

4.00
724
8.50
13.30
18,18
28.40
26.46
28.40

0.00
253
4.00
5.20
8.00
8.22
12.90
17.72
2260
20.99

10.30
244
26,70
43.30
56.50
70.40
8300
1000
temp=35°C
0.00
5.60
9.30
13.10
2240
23.00
37.40
50.20
60.40
83.00

0473
0.823
0.966
1.533
2173
3787
3.286
3.448

0.00

0313
0.489
0.623
0.940
0.966
1.534
2173
2.898
2433

73.44
76.50
76.50
75.40
72.72
65.20
70.00
71.60

72.30
70.30
71.04
72.52
74.00
73.98
73.10
70.88
67.80
75.00

1208
1510
1544
1567
1441
1347

1476

1077
1010
1067
170
1320
1323
1353
1282
1152
165

moUgoUooOo

T ODOUOUODODOoOOoOTa

“The composition unit is: mol/ [0 mol of solute.

were cateulated by the compiler has

“The solid phases are: A=ice; B= a-(NH,K)CL:
“This ix an obvious error.

d on the mann G valuss of the components.

= a-KCl; D=(NH,,K)H;POy; E=NH,H;PO,; F=B-(NH,K)CI; G = B-KCl.

Part 2. Monovariant and invariant points

100w,

19.80
26.20

0.00
18.40
22.30
18.80
23.05

2.15

320

6.60
10.52
14.90
21.80
2270
2500

comp*

100.0
100.0
0.00
92.40
9170
94.40
94.40
17.00
2530
5220
77.60
88.50
92.50
61.30°
9L.10

NH,H,PO, H,0 Solid
mp 100w, comp® mpP 100w, comp? e phase®
331 0.00 0.00 0.00 80.20 1680 ~104 A+C
4761 0.00 0.00 0.00 73.80 1165 22 B+F
0.00 17.30 100.0 1.819 8270 3053 -24 A+E
3014 235 7.60 0.258 79.25 1645 -112 A+B+E
4012 315 830 0.367 74.55 1267 125 B+D+F
3176 1.80 5.60 0.197 79.40 1645 -110 A+B
4133 FAH 5.60 0.250 74.80 1266 80 B+F
0.353 16.05 83.00 1.706 81.80 2698 -49 A+D
0522 14.52 74.70 1.534 82.28 2701 -50 A+D
1.05 9.34 47.80 0.966 84.06 2750 -57 A+D
1.664 4.68 2240 0.480 84.80 2589 -6.5 A+D
2434 298 11.50 0315 8212 2020 ~86 A+D
3875 274 750 0316 75.46 1324 27 B+D
4147 335 870 0.394 73.95 1230 9.8 D+F
4709 3.80 8.90 0.464 71.20 1072 240 D+F

*The composition unit is: mol/100 mol of solute.
"The molalities were calculated by the compiler and are bascd on the mass % values of the components.

“The solid phases are: A=ice; 8= a-(NH, K)CI; C=a-KCl; D=(NH,,K)H,PO,; E=NH,H,PO,; F=g-(NH, KICl; G= 8-KCl.
“in this line, the expression **B~(NH,H,K)CF'" stands for one of the solid phases. The compiler believes that this is an error.
“This is obviously an error. The correct value is 91.30,

Auxiliary Information

Method / Apparatns / Procedures

A polythermic method was used. Solid carbon dioxide served
as the cooling agent.

Estimated Error:
No information is given.

Source and Purity of Matexiak,

All materials were recrystallized twice and analyzed before
being used. No further details are given,

ovvi
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Aunitiary Information

Method / Apparatus / Procedure: Source and Purity of Materials:
The samples were equilibrated by stirring for 10 hrs in 2 N information is given.
thermostat. The potassium content was determined with the
use of a type C ena Model (11 flame photometer and
gravimetrically as KCIO,, phosphate ion was determined by a
compleximetric tiration with MgCl; using Eriochrome Black
T an indicator,! chiur

Components: Original Measurements:

() Amionam ity diogenphosphate; NHH PO, A. tovi and C. Haiduc, Rev. Roum. Chim. 16, 17437 (1971).
[1722701]

120 Anmomun chloode, NHCT, [£2125:02 91

131 Potassinmy dihs deopenphosphate: KH,PO,3 [7778:770]

4 Potassiaes chlonde, KCL {7747 40 71

151 Water, 1017732 1% 5]

Estimated Error:

No information is given.

e was dets

ed by puten
titration with AgNO,, and NH, was determined by the References:
Kieldahi method.

IC. Lileanu, Chimic anilitica Cantitativa, Ed. didactica i
pedagogica, Bucuresti, p. S08 (1964)

Prepared By:
Fomperature Bl mistuees af KCEENHLELPO, or 1. Eysseltovi
NHLECT and KHLPO, e used

Experimental Data
Modar solubulity in cquimolar mixtares m the K ' NH, ' JCL L H PO, - H,0 system

Soli: (A1 KCT NI PO, (B) NH,CI4 KH,PO,
no "o HL PO, l K' NI, H,PO, 1 K' NH," dig em™?
1 20 .6t 477 RAT .60 477 218 KAL) 11585
2 25 0 476 208 0.70 4.72 218 324 11640
3 “n [BLY EXL] 2m RAT 1.00 4.9 20 .08 1.1690
4 o 1.50 136 244 342 1.50 4.36 244 342 1.1880
5 7 220 KR 282 374 220 420 282 364 1.2360
o X1 250 .23 295 37 250 4. 295 377 1.2479
The compiter has revalutated these vatues as follows:
som 1o, Clitarniae Powssium Ammonum
o 100w, m, 100w, m, 100w, m, 100w, m;
AR 502 0760 14.00 6.04 735 276 4.95 4.03
A Sx3 0.89 14.50 6.07 7.32 278 507 4.18
2 583 0.89 14.38 601 732 277 501 alt
3MA) .29 130 1362 586 772 301 4.89 4.14
313y u 129 .2 509 772 . 299 474 299
AR 1224 2.1 13.01 5.96 803 333 5.8 467
S(A1 17.26 ERT 1251 6.31 8.92 408 5.44 5.40
S(8) 17.26 316 12.22 6.12 892 405 630 522
6tA) 19.43 an 12.02 629 9.24 4.39 545 561
oY 1943 an 1199 6.27 9.24 438 543 559

Molar sofubility in equimolar mixtures 1n the K™, NH ] €1, H;PO; —Ha0 system. The following concentrations are cxpressed as
Mo/ 100 mol of salue

Suln o H.PO, Chloride Potassium Ammonium Water
1A B} (1N} 8883 40.64 59.36 818
2AA) 1278 87.22 39.94 60.06 798
1By 1250 w310 10.26 5074 %07
3A) 18.15 5185 283 5717 804
3B 18.48 8152 4278 57.22 796

4AB) 7341 41.62 5838 694
S(A) 66.50 4103 56.97 586
5(8) 6595 43.68 56.32 599
(A 62.84 4390 56.10 556
“«D) 6283 +3.9) 56.07 557

S3IHIS v.iva ALITIENTOS LSIN-Ovdni
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Components:

(1) Ammonium dihydrogenphosphiate: NI, H PO
[rr22r000]

(2) Potassiom chlonde, KL [7747-4007]
(3) Water; Hy0: [7732-18 5]

Original Measurements:

Mineral nykn, Udobrenty (Leningrad), 63-8 (1977}

Z. N. Fokina, E. N. Komnishina, and P. P. Kim, Tekhnologiya

Components: Evaluator:

(1) Diammenium hydrogenphosphate; (NH,),HPO,; J. Eysseltovd. Charles University. Prague. Czech Republic
|7783-28-0§ September 1995

(2) Urea; CHyN,0; [57-13-6)

(3) Water; H,0; [7732-18-5)

Variables:

Compositron at 60 ¢

Prepared By:

L. V. C

hernykh and J. Eysseliova

Experhnestal Data

Solubility wsotherms 10 the NEgHLPO, - KHyPO - NH,CH KCL-Hy0 system at 60 °C

Soln K,0 NH, P,0s
No 100, 100w, 100w Solid phases
| Lo 65 26.6 NH,H,PO,
2 37 59 2.1 (K,NH ) H, PO,
3 6.1 42 169 (K.NHa)H,PO,
4 79 39 159 (K.NH,)H,PO,
s 9.8 35 146 (K.NH,)H,PO,
o 0.5 32 131 KH, PO,
7 1o 3.0 12.2 KH, PO,
8 13 24 1o KH,PO,
9 164 0.9 37 KH,PO,
10 17.5 0.7 3.0 KH,PO,
1" 20.2 0.4 17 KH,PO,
The compilers have recalculated the authors” data to give the following values
Soln H,PO, Chloride Potassium Ammonium H,0
no 100, m, 100w, m, 100w, m, 100w, m, 100w,
1 360 15 0.043 13 0.034 69 0.38 55.8
2 2.6 30 0.086 31 0079 6.2 0.35 58.1
3 229 49 014 51 0.13 4.4 025 67.6
4 215 6.1 0.47 6.6 017 4.1 0.23 678
5 19.8 0.206 7.3 0.21 81 021 37 0.21 68.4
6 17.7 0.185 .0 0.23 87 0.22 34 0.19 70.2
7 16.5 0.172 84 0.24 9.1 023 32 0.18 7.2
& 149 0.155 7.9 0.23 9.4 024 25 0.14 732
9 5.0 0.052 122 0.349 136 0.340 095 0.053 80.4
10 4 0.042 13.0 0.370 145 0.372 0.74 0.041 80.7
1 23 0.024 150 0.420 168 0.429 042 0.024 80.5

Auxiliary Informatios

n

Method / Apparatus / Procedure:

No information is given. The compilers assume that the
methods were the same as those given carli

Source

and Purity of Materials:

No information is given.

Estimated Error:

No information is given.

References:
IT. N. Baranova, N. T. Scmkin, P. P. Kim, E. N. Kornishina, and
Nikandrov, Tekhnologiya Mineral’nykh Udobreniy
(Leningrad). 55 (1977).

I 8.

Critical Evaluation:

9.1. (NH,),HPO,-Urea—H,0
Two ions of the ition and of the invariant pointa in this syaten aic availablc.'? But these (wo sets of
data do not agree with each other even with respect to the nature of the equitibrium solid phase. The modifications of urea are the
main source of the uncertainty. The evaluation of this question, however, is beyond the scope of this volume. The closely refated
system (NH,);HPO,;~CO(NH,); HNO;~H,0 was studied by Nabiev et al.3

References:
'A. G, Treshchov, Dokl. Timiryazevsk. S.-kh. Akad. 29, 402 (1957),

2V. I Vereshchagina and M. P. Endovitskaya, Zh. Neorg, Khim. 15, 2818 (1970).

"M. N. Nabiev, S. Tukhtzev, A. Kh. Narkhodzaev, and D. Kh. Yunusov, Zh. Neorg, Khim. 21, 3152 (1976).

[442"

3SHYIA 'd "L ANV VAOLTASSAI T



8661 ‘9 'ON ‘/Z °[0A ‘BleQ “Joy "way) 'shAud

Components:

1) Dismemoniuns hydrogenphosphate; (NH ) HPO,:
(7783 2% 0]

21 Useas CHLNLOL[57 13 6]

3 Water: O {7732 18 5]

Original Measurements:

A. G. Treshehov, Dokl Timiryazevsk. S.-kh. Akad. 29, 402-8
(1957)

Components:

(1) Diammonium hydrogenphosphate; (NH,),HPOL;
[7783-28-0]

(2) Urea; CHyN,0; [57-13-6]

(3) Water; H,0; [7732-18-5]

Original Measurements:

V. L. Vereshchagina and M. P. Endovitskaya, Zh. Neorg, Khim
15, 2818-20 (1970)

ahile

Fempera

e and componttion

Prepared By:
1. V. Chernykh and 1. Eysseltova

Variables:
Temperature and composition.

Prepared Bv:
1. Eysseltova

Experimental Data

Experimental Data

Monovsint wnd invariant points in the (NH),HPO,- COINH ) - H€) system C ition and cr of invariant points in the (NH,);HPO, ~CO(NH,), - H,0 system
COINILY, (NH PO, n0 Solid CO(NH,), (NH,),HPO, H,0
[ mdmol ke 1 100 ol ke 1 100w como® 1”C phases® 100, m il kg™ 18 100w, ol kg 18 100m, s Sulid phancab
200 N0 W 0.0 67,10 680 1 A+B 450 16.7 10.0 1.68 450 16 A+B+C
Jora sy .y .00 59.30 489 1.1 B+C 26.0 TR0 185 2.52 55.5 -6 A+CH+D
54,50 Jo 00 000 45.50 279 244 C+D 27,0 7.75 150 196 58.0 - 16 A+DHE
00 i 60 318 7040 1730 ~6.7 A+E 26,0 7.0 125 1.54 61.5 -17 A+ D+ice
XS XEd) 4.00 037 95,40 1397 -B.6
“Thesc values were calculated by the compiler,
250 679 1230 149 62.30 670 = 17.0 A+B+E "
" y "The solid phases are: A= f-urea: B= y-urea; C=(NH,);HPO,; D=(NH,);HPO,-2H,0: E = q-urca.
2670 ENE} 1500 2 §7.40 563 16.2 B+E+F -

"These values were calenlited hy the compilers,
Pl commesin anit i mol/ 100 mol of solute
The solud phases e A et B o CONHL L ¢

B-CONH,) 3 D= y-CONI)

(NH ), HPO, - 2H,0: F={NH,),HPO,

Auxiliary Informat

Method / Apparatus / Procedure:

A vinal polsthermic method was used

Source and Purity of Materials:

No sformation is given,

Estimated Error:

Nov information is given

In addition to the above data, the authors also give the following data for the binary system (NH,);HPO,~ H,0.,

(NH,).HPO,

100w, m/mol kg ' e Solid phases

20 2.94 -55 e+ (NH)HPO, -2H,0
3.5 494 152 (NHy)2HPO, 2H,0 = (NH,),HPO,

“These values were calcutated by the compiler.

Auxiliary Infermation

Method / Apparatus / Procedure:

A visual polythermic method was used.' Solid carbon dioxide

Source and Purity of Materia

No information is given

was used as the cooling agent. The temperature was measured

with the
divided in steps of 0.2 K.

id of Assman’s thermometer, the scale of which was

ated Error:
The temperature was constant to within = 0.40 °C.

References:

'A. G. Bereman and N. P Luzhnaya, Fisikn-Khimicheckin
Osnavy [zucheniya | Ispol'zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSR (1951),

S31H3S V.1Va ALIaN10S LSIN-OVdNI
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Components:
(0 Diammontan hydrogenphosphites (NH ) HPO 2
177%3 25 0]

£2) Urea mitrate: CONELY - HNO [17687-37.5)
(3 Water: 1,00 17732185

Original Measurements:
M. N. Nabiev, S. Tukhiaev, A. Kh. Narkhodzhaev, and D. Kh,
Yunusov, Zh. Neorg. Khim. 21, 3152-4 (1976),

Prepared By:

Components:
(1) Diammonium hydrogenphosphate: (NH,),HPO,:
{7783-28-0)

(2) Urea; CH N, O: [57-13-6)
(3) Ammonium nitrate; NH,NO,: [6484-52-2]
(4) Water; H,0; [7732-18-5)

Original Measurements:

G. L. Tudorovskaya and F. G. Margolis, Khim. Prom. (Moscow)
42, 678-K0 (1966)

Vemperature and compasition ). Eysseltovi Varigbles: Prepared By:
C at 50°C. J. Eysseltova
Experimental Data
Nonvariant and monovanant posats in the (NHy) HPOg- CONHY) - 1INO; - H, O system Experimental Data
Part 1. Solubility in the (NH,);HPO, ~NH,NO;~CO(NH,),~ H,0 system at 50 °C
CONH, 1, HNO, (NH, ), HPO, H,0
100, gl g M 100, dval kg 19 100w, e Solid phates® Soln CO(NHa), NH, NN, (NH,) HPO, H,0 Solid
no 100w, mfmol kg™ '? 100w, m;/mo} kg™ '* 100w, m,fmol kg™ 100w, phase”
8.0 “7 0.0 0.0 92.0 -28 ice+A
oK 0w 20 0.2 %82 —36 icet A | 0.000 0.000 67.95 30.39 4.12 L2 27.93 A+B
158 17 04 04 758 -80 icetA 2 9.44 715 65.77 3736 250 0.964 2199 A+B
7% 10 1o 12 71.2 124 ice+A+B 3 16.65 1451 62.59 4092 165 0.654 19.11 A+B
" w 154 19 oL6 A+B 4 29.86 50.22 58.77 T4.16 147 Li2 9.90 A+B
0 54 200 12 180 AtB 5 38.74 7119 51.00 70.32 120 100 9.06 A+B
26 5.0 20.2 32 47.2 -7.0 A+B 6 46.50 XX¢ 52.08 XX¢ 1.42 XX© — A+B
a0.0 a0 24.0 5.0 36.0 30.0 A+B 7 48.80 Xx¢ 4935 XX© 1.85 Xxx¢ — B+C
124 14 174 19 0.2 90 ice +BAC 8 49.70 106.09 4130 66.14 120 116 7.80 B+C
w0 b W0 B 720 12 ice+C 9 $341 48.25 2620 17.76 196 0.805 18.43 B+C
00 o0 250 25 750 55 icetC 10 56.54 42.64 19.32 10.93 206 0.706 22,08 B+C
10 15 220 15 460 ~10.0 B+C n 60.96 3172 9.37 435 276 0777 2691 B+C
1o 1.4 266 2 624 —17.5 B+C+D 17 Al D0 U ne 561 238 3.60 0215 29.79 BTC
0% é A3 1% 61y -10.5 C+D 3 62.77 35.54 0.000 0.000 7.82 201 29.41 B+C
on oo 9.2 19 60K 150 c+D 14 0.000 0.000 71.05 41.94 0.000 0.000 2295 A
13 10 10 a3 552 —1o B4D 15 66.52 3308 0.000 0.000 0.000 0.000 33.48 c
156 25 116 50 508 20 B4D i6 0.000 0.000 0.000 0.000 46.50 6.58 53.50 B
106 0 02 o 02 280 B+D “The molalities were calculated by the compiler.
222 54 Ead .1 34 49.0 B+D PThe solid phases are: A=NH,NOy; B=(NH,);HPO,; C=CO(NH,),.
T T T T “The molalities designated as XX cannot be calculated, because the solutions are anhydrous.
¢ makalities were caleulated by the compiler.
PPl sofid phases are © A - COINHL) - HNOw B= NHH;PO,; €= (NH ) HPO, - 2H,0: D= NH,NOy; B= (NH,),HPO,

Auxiliary Information

Method / Apparatus / Procedure:
Presunahly some sort of visual polythermic method was used
{compiler), but no detnls are given.

Source and Purity of Materials:

Diammanium hydrogenphosphate was recrystallized before use.
Urea mtrate was synthesized ITOm ured and reagent grade niric
acid

Estimated Error:

No details are given.

1244°
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Part 2. The authors express the compusition of the sofutions in Part | in the following way also

Soln COINH,, NI,NO, (NFL)HPO, H,0
o comp® comp comp comp
1 94.28 572 38.45
2 1220 8421 3.59 28.19
3 2055 7741 204 23.61
4 37 65.20 163 .10
b RERU RIS 0.4 V.90
o a6 50 52,08 1.42 —
7 AR 4935 1.85 —
X s1on 450 1.30 845
9 6545 3218 240 22.60
0 1250 2480 264 2833
1 X340 125 375 36.83
1 Xo.K0 800 sS4 42.42
I w891 1109 41.66
1 10000 - 29.78
15 10000 - — 5033
1n 100.00 115.04

“The ethors state that the composition unit is g H,O/100 g solute. The compiler’s opinion is that this is 4 typographical error and the
composttion unit is g/100 g solute.

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

AN pothed

1 imcthod sas used. Equilibrium was checked by
repeated analysis

N information is given

Estimated Error:
“The temperature was kept conslant to within 0.1 K

Components: Original Measurements:
(1) Diammonium hydrogenphosphate; (NH,),HPO; M. R. Endovitskaya and V. 1. Vereshchagina, Zh. Neorg. Khim.
[7783-28-0) 17, 825-8 (1972).

(2) Urea; CHyN;0; [57-13-6]
(3) Potassium nitrate; KNOy; [7757-79-1]
(4) Water; H,0; [7732-18-5)

Variahlec: Propared By:

Temperature and composition. 1. Eysseltova

Experimental Data

Crystallizati and of invariant points in the KNO; ~(NH,);HPO, ~CO(NH,) ,- H,0 system
KNO, (NH,),HPO, CO(NH,), H,0
weec 100w, m 100w; m* 100w, e W, Solid phases
—18 5 0.8 13 L6 20.5 01.5¢ A+B+C
-3 4.5 0.79 21.5 2.88 17.5 56.5¢ B+C+D
—17 5 09 13 L8 26.3 55.7 A+B+C
=75 4.5 0.83 19 27 23 53.5 B+C+D
-4 5 0.9 21 29 20 54.0 C+D+E
“The molalities were calculated by the compiler and are expressed as mol kg ',
"The solid phases are: A = ice; B=(NH,),HPO, - 2H,0; C=a-KNQ,; D= (NH,),HPO,; E= B-KNO;.

“In the original article there are misprints for these data (61.95 and 57.5, respectively).

Auxiliary Information

Method / Apparatus / Procedure:
A visual polythermic method was used.'

Source and Purity of Materials:
No information is given.

Estimated Error:

No information ic given.

References:
'A. G. Bergman and N. P. Luzhnaya, Fizikokhimicheskiye
Osnovy Izucheniya i Ispol’zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sul*fatnogo Tipa, Moscow, JAN SSSR (1951).

S3IYAS V.LVa ALITIANT0S 1SIN-OVdNI
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Fvaluator:

Componen
(1) Diammonium hydrogenphosphate; (NH),11PO:
[7703-28-0

(2) Thiourea; CH,N,S: [62-56-6) or

(2) Methionine: CoHy NO,S: [59-51-8] or

(2) Tricthylamine hydrochloride: C,Hyp,CIN: 554-68-7]
13) Water: H,0; [7732-15-5)

Sepemter 1993

1. Eysseltovd, Charles University, Prague, Czech Republic.

Critical Evaluation:
9.2. (NH,),HPO,-Organic Compound-H,0
Systems with oprganic and water,

“The (NH, ), HPO, - CSINH, ), -Hy0 system is described in two articles. ™ The 298 K isotherm and the complete phase diagram
are given. These data are consistent with cach other, but no critical evaluation can be made because there are no other data

availahle.

As Tar as simitar systems containing and an organic (which is both solid and
water-soluble under ordinary room conditions) are concemed, there are two systems that have been studied: (a) the (NH,),HPO, -
methionine--water system described by Beglov et al.i* and (b) the (NH,);HPO,~(C;Hy):N- HCI-H,0 system. No other
independent data are available for these systems and, therefore, the information cannot be evaluated.

References:

"0, E. Sosnina and A. A. Volkev, Uch. Zap. Perm. Gos. Univ., Ser. Khim. 289, 20 {1973).

B, S. Zakirov, 8. Tukhtacy, and B. M Beglov. Dokl. Akad. Nauk Uzb. SSR, 40 (1974).

B.S khiaev, B. M. Beglov, and B. M. Khaymov, Dokl. Akad. Nauk Uzb. SSR. 31 (1977).

'8. M. Beglov, Zakirov. and D. A, Amitova, Uzb. Khim. Zh., 61 (1985).

*S. A. Mazunin, O. E. Sosnina. A. A. Volkov, and T. L. Dunina, Termicheskiy Analiz i Fazovye Ravnovesiya, Perm, 79 (£985).

akiroy, 8

Components:

(1) Diammonium hydrogenphosphate; (NH,),HPO,;
[7783-28-0)

(2) Thiourea; CH,N,S; [62-56-6]

(3) Water; H,0; [7732-18.5]

Original Measurements:
B. S. Zakirov. S. Tukhtaev. and R M Reglav, Dokl Akad.
Nauk. Uzb. SSR, 40-2 (1974).

Variables: Prepared By:

Composition and temperature. J. Eysseltovi

Experimental Data
Points of simultaneous crystallization of two of three solid phas

in the (NH,),HPO,~CS(NHy),~ H,0 system

(NH,),HPO, CS(NH,), H,0

100w, mmol kg™'* 100w, m/mol kg™'* 100w, e Solid phases®

0 0 52 0.72 94.8 -06 A+B

9.5 0.84 48 0.74 857 -25 A+B
18.0 1.75 4.1 0.69 779 —42 A+B
19.2 1.89 40 0.68 76.8 —45 A+B
234 243 36 0As 73.0 —56 A+B+C
25.0 252 [ 0 75.0 -55 A+C
24.4 249 14 025 742 =55 A+C
29.0 325 34 0.66 67.6 25 B+C
338 4.06 32 0.67 63.0 9.8 B+C
37.0 467 30 0.66 60.0 138 B+C+D
39.2 4.88 [ [} 60.8 150 C+D
|0 4.73 1.2 0.20 U8 14.3 C+D
380 5.03 4.8 11 572 290 B+D
384 5.25 6.2 1.5 554 345 B+D

“The molalities were calculated by the compiler.
"The salid phases are: A = ice; B=CS(NHy); C=(NHy),HPO, - 2H,0; D=(NH,),HPO,.

Additional Data: Solubility isotherms in the 10 to 40 °C temperature range arc given, but onty in graphical form.

Auxiliary Information

Method / Apparatic / Proacedure:
A visual polythermic method was used.

Svuste and Purlty uf Materials:
**Chemically pure’ (NH,);HPO, was used. The thiourea was
recrystallized twice.

Estimated Error:
No information is given.

i
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Components:

(1) Diammonium hydrogeophosphate: (NH,1,HPO,:
(7753 28 0]

(2) Thiourea: CH,N,S: [62 56-6]

(3) Waler; Hy0: [7732 185

Original Measurements:
B. S. Zakirov, S. Tukhtaev. B. M. Beglov, and B.M. Khaymov,
Dokl. Akad. Nauk. Uzb. SSR, 31-2 (1977).

Components:

(1) Diammonium hydrogenphosphate; (NH,),HPO,:
{7783-28-0]

(2) Methionine; CsH, NO,S; [59-51-8)

(3) Water; Hy0, [7732-18-5]

Original Measurements:

B. M. Beglov, B. S. Zakirov, and D. A. Amilova, Uzb. Khim.
Zh., 61-2 (1985).

Varinhloe:

Prepared By:

Variables:

Prepared By:

Compostion at 25 °C

J. Eyssltovi

Temperature and composition L. V. Chernykh and J. Eysseltové

Experimental Data
Solubility in the (NH,);HPO, ~CS(NH,),~H,0 system at 25 °C

Experimental Data
Crystallization temperatures in the (NH,),HPO,~methionine-H,O system

CSINHL, (NH,):HPO, H,0 (NH,),HPO, Methionine H,0
Lo, el by Lo0m, el g 18 100w, Solid phaen 100w, . Jmal kg™ 1® 100w, mamal kg~ 100w, e Solid phases®
23 2180 -~ 8577 CS(NHy), 4.7 646 07 0.09 536 512 A+B
1319 2156 6.44 0.607 80.37 CS(NH;), 398 5.06 0.6 0.07 59.6 242 A+B
11.76 2017 11.64 1151 76.60 CS(NH;), 38.8 4.80 0 0 61.2 15.0 A+C
.58 1.80 2071 2.249 69.71 CS(NH;), 38.7 481 035 0.038 60.95 148 A+C
16 1.62 2549 2.909 66.35 CS(NH;), 38.6 4.80 05 0.05 60.9 147 A+B+C
N 139 29.65 3529 6361 CSINH,), 338 3.90 05 005 657 90 B+C
sy Lis 35.46 4524 5935 CS(NHy), 319 358 055 0.055 67.55 62 B4C
424 0978 851 5.160 56.95 CS(NH, ), +(NH,),HPO, 299 326 06 0.06 69.5 33 B+C
198 0440 4047 5236 57.95 (NH,);HPO, 252 2.55 0 0 748 -55 c+D
414 5.35 58.6 (NH,);HPO, 250 255 04 0.04 745 -56 C+D
28 253 09 0.08 743 -5 B+C+D
“The molalities were caleulated by the compiler. 19.8 192 21 018 78.1 —42 B+D
" ' 9.8 084 15 o 8.7 ~18 B+D
Auxitiary Information
[ 0 17 012 983 —o1 B4D

Method / Apparatus / Procedure:

The il nmal rdnat was sl with wechanival aticring.
Equilibriun was deiermined by repeated analysis of the liquid
phase. Equilibrium was attained in 24 hrs. The composition of
the salid phases was determined by the Schreinemakers”
method

Source and Purity of Materials:
Mothing is stated. The compilor aseumas the materialk are the
same as (hose used in Ref. 1.

Estimated Error:

The only information given is that the temperature was
controlled to within + 0.2 K.

References:

'B. S. Zakirov, B. M. Khaymov, S. Tukhtaev, and B. M. Beglov,
Dokl. Akad. Nauk. Uzb. SSR, 48 (1978)

*The molalitics were calculated by the compilers.

“The sol1d phases are: A= (INFyjpHFO;; B=(INHy),HPOy- 2H,0; © = memioning; D = Ice.

Evaluator’s Comment: The identities of the solid phases appear to be incorrect. It is more likely that the identities of B and C
should be reversed, i.e.. B = methanione and C = (NH,),HPO,-2H,0.

Auxiliary Information

Method / Apparatus / Procedure:

A visual polythermic method was used, but no detail
given.

Source and Purity of Materials:
Is are Purc methionine and reagent grade (NH,),HPO, were

recrystallized before being used.

Kstimated Error:

No information is given.

S3IY3S VLVa ALITIENT0S LSIN-OVdNI
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Components:

) Dranimonium hydrogeaplisphate: (NH, 1 HPO,:
[7783-2% 0}

123 T

Bylamire hydrochlonioe, C, N [554:608.7]
03 Water: 11,0: {7732 18 8]

Originat Measurements:
snina and A. A. Volkov, Uch. Zap. Perm. Gos. Univ.,
A. Mazunin, O. E. Sosnina, A.
L. Danifa. Termicheskiy Analiz i Fazovye

1O F
Ser. Khim. 289, 21
AL Vetkov, and 1.
Ruovrovestya, Perm, 79-88 (1985).

5(1973). 2

Components:

(1) Diammonium hydrogenphosphate; (NH,),HPO,;
(7783-28-0]

{2) Diammonium carbonate; (NH,),COy; [506-87-6]
(3) Water; H,0; [7732-18-5)

Original Measurements:

L. N. Belyaev, N. P. Sigida, and T. D. Stepanenko, Zh. Prikl.
Khim. (Leningrad) 43, 178-81{1970).

Variables:

Compasion at 20 and 61 C

Prepared By:
.. V. Chernykh and 1. Eyssellovi

Variables:
Composition at 10 °C.

Prepared By:

1. Eysseltova

Experimental Data
Solubility isotherns i the (NH;) HPO,- (C:HoOWN-HOL-HL0O system

HQUNN ] H,0 Refractive
T, mmal ke M L0, m.fmal kg 100w, index”
temp=20“C
40,410 5202 . 0.2 LAon A
27.0 LIl 7.3 081 65.7 1.3950 A
0.8 191 166 1KY 46.6 13890 A
60 069 282 123 05.3 13900 A
iz a0 M40 4.08 627 1.3930 A
20 0.26 9.2 502 58.8 14020 A
0o i s6. 100 27 A+B
57.2 10,1 28 1.4295 B
temp=60 *C¢
43x 4% 540 0.74 512 A
19.0 237 204 0.6 N
35,3 290 10,1 54.6
10.3 1.29 2.3 604 A
5.4 0.70 AT 57.6 A
24 0.37 48.2 49.4 A
1.3 0.2 56.4 423 A
0 0.2 4.2 35.0 A+B

“The molalities were caleulated by the compilers,

Mrhe refactive “ndices are given in sour
* e sonid phases are: A= NI

reapectively.

Frhiese data are g
“These data are giv
AL this avperim

) in sour

paper £1) caly.

Ha)N-1CL
paper (1) only.
+ in source paper (2) only.
tal point. two inmiscible fayers were formed. The upper and lower lines refer to the upper and lower layers,

Auxiliary Information

Method / Apparatus / Procedure:
The refractomsetsic variation of the isathermal method was
e, The compilers assume that it was the method described
elsewhere.! (NH,),HPO, was determined by potentiomet
utration. The compositon of the solid phase was determined
by the Schreinemaker's metkod.

Source and Purity of Materials:
Reagent grade (NH,);HPO, and pure {C;Hs),N-HCl were
reerystallized before heing used.

References:
'E. . Zhuraviev and A. D. Sheveleva, Zh. Neorg. Khim. 5, 2630
(1960).

The (N14)2HPOL vontent has  precisivn ol = 0.0%

Experimental Data
9.3. Solubility in the (NH,),HPO,—(NH,),CO,—H,0 System at 10 °C

{NH,);€0, (NH,);HPO, H,0 Salid
100w, mmol kg™ 100w, m;/mal kg™’ 100w, phase”
0.000 0000 39.00 484 61.00 A
132 0394 3647 451 6121 A
535 0.884 31.64 3.80 6301 A+B
7.79 - 119 2424 270 67.97 B
10.62 156 18.39 1.96 7099 B
1135 1.58 13.73 139 7492 B
1345 1.83 10.26 102 76.29 B
16.40 223 697 0.689 76.63 B
20.60 270 0.000 0.000 79.40 B

“The molalities were calculated by the compiler.
"The solid phascs are: A=(NH,),C05: B= (NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
The isothermal method was used. The mixtures were
equilibrated for 8-9 frs in 150200 ml vessels made of
Mo-glass, Mechanical stirring was used. The thermostat
contained a 50% glycerol solution. The NH,*, HPO,*~ and
CO,*" ions were determined by the use of standard
methods. 2

Source and Purity of Materials:

Chemically pure salts were recrystallized before use, The
(NH,),C0y was recrystaliized from 25% ammonia and used in
the form of a solution of knowa concentration.

Estimated Error:
The temperature was kept constant to within = 0.1 K. No other
information is given.

References:
'A. K. Babko and L. V. Pyatnickiy, Kolichestvennyi Anuliz,
Moscow, Goskhimizdat (1956)

V. F. Gillebrand, e al., Prakiicheskoe Rukovodstvo po
Neorganicheskomu Analizu, Moscow, Goskhimizdat (1960).

51428
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Components: Evaluator:
(1) Diammonium hydrogenphasphiate: INH ), HPO: J. Eysseltova, Charles University, Prague. Crech Republic,
[77%3 28 0 September 1995

(21 Amanoniom miate: NH,NO G [6484-52.2)
L3 Water: HLO: [7732.18.5]

Components:
(1) Diammonium hydrogenphosphate; (NH,),HPO,;
[7783-28-0]

(2) Ammoniun nitrate; NH;NOy; [6484-52-2]

(3) Water: H,0; [7732-18-5]

Original Measurements:
D. 1. Kuznetsov, A. A. Kozhukhovskiy, and F. E. Borovaya, Zh.
Prikl. Khim. (Leningrad) 21, 1278-81 {1948).

Critical Evaluation:
9.4 (NH,),HPO,—NH,NO,-H,0
There are o reports of the temperature and composition of the invariant points in the title system.>¥ However, while these two

reports agree with respect W the temperatures of the invariant posnts, they do not agree about the compositions. For the invariant
Potitat abont 3018 K they ever disagree with respect 1o the nature of the equilibrium solid phase. In view of the region of
cantence of INFLLHPOL - 2H,0 tsee p. 14) it is probable that the correct compasition of the sulid is that reported by Bergman
and Vebibanesa b addivonal expenimental work is needed belore any recommendation can be made about the composition of

e st sohuton s Fhe

&

ctherens mwanueed w322 KL and 282 K3 cannot help o sobve this problem.

References:

D1 Kuznetsor. A, A- Kozhukhovskiy, and E. E. Borovaya Zh. Prikl. Khim. (Leningrad) 21, 1278 (1948)

AL G Bergman and 1. V. Velikanova, Zh. Neorg. Khim. 11, 2370 (1966)

LN Belyaes, NP Sigid, and T D Stepanenko, Zh Prikl. Khim. (Leningrad) 43, 178 (1970).

P Tarokhiey. SN Ganz. and R. L Braginskaya, 17v. Vissh. Ucheb. Zaved.. Khim. Khim. Tekhnol. 18, 320 (1972)

Variables:
Composition and vapor pressure at 50 °C.

Prepared By:
J. Eysseltova

Experim

ental Data

Solubility and vapor pressure in the NHyNO,~(NH,);HPO, - Hy0 system at 50 °C

NH,NO; (NH,);HPO, H.0 Puater Pamorin
100w, m/mol kg™ !* 100w, m/mol kg™ 't 100w; (mm Hg) (mm Hg)
710 418 — - 23.0 44.4 0
756 411 14 05 230 429
744 402 25 08 23.1 28.0
68.9 310 33 09 278 50.0
556 189 7.6 L6 368 66.4
456 130 107 19 437 720
423 1.5 18 5] 45.9 7
279 6.7 203 30 518 77
218 5.1 233 3o Y 15
133 30 322 45 54.5 78

— — 47.05 673 5295 82
“The molalities were calculated by the compiler.
Auxiliary Information

Method / Apparatus / Procedure:

An isothermal method' was used. The mixtures were prepared
from finely powdered salts. The system was equilibrated for 3
days although 2 days proved to be sufficient. The phosphorus
content of the saturated solutions was determined
gravimetrically as NH;MgPO,. The ammonium content was
determined by the distillation method and total nitrogen
content was determined using Devarda’s alloy. The vapor
pressure was measured by the technique described elsewhere,!

Source and Purity of Materials:

Reagent grade salts were recrystallized three times and dried at
approximately 100 °C.

Estimated Error:
No information is given.

References:

M. S. Vrevskiy, N. N. Zavaritskiy, and L. E. Sharlove, Zh
Russ. Fiz.-Khim. Obsh. 54, 360 (1923).

S3IHIAS Yiva ALITIENTO0S LSIN-OVdNI
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nal Measurements:
A. G Bergman and L. V. Velikanova, Zh, Neorg. Khim. 11,
2370-3 (19661

Components:

(1 Diammonam by diogenphosphiate: (NH PO
17783 25 0]

23 Ammoniem mitrate. NHNO | 6484.52 2

(3 Water: HA0: 7732 18 5]

Components:
(1) Diammonium hydrogenphosphate: (NH, )HPO,:
|7783-28.0]

(2) Ammonium nitrate, NH,NO;; {6484-52-2]

(3) Water; H0: [7732-18-5]

Original Measurements:
L N. Belyaev. N. P. Sigida, and T. D. Stepancnko, Zh. Prikl.
Khim. (Leningrad) 43, 178-81 (1970).

Prepared By:

Femperae and composttion 1. Eysselovi

Variables: Prepared By:

Composition at 10 °C. 1. Eysseltovd

Huporimental Thata
INTE ) HPO, NH,NO, H.0
RS HIOS ol e © 100, mmol kg ' 100, Salid phases®
178 S b2 Q0 W R} A+BTC
1.2 55 095 5085 14.3 44 B+C+D
RS 25 (X0 66 26.2 s C+D+E

“Lhe mofalities were cateulated by the compiler,
Ulhe sohd phases ares A ives B (N1, 1PO- 21,00 Co e NEGNO,: D (NHG ) HPO E= B-NHNO,
Solubility isotherms in ke temperature ringe of « 3t + 50 °C are given in graphical form only

Auxiliary Information

Source and Purity of Material

Methad / Apparatus / Procedure:
A vl pody thermic metkod was used.! Solid carbon dioxide No information is given
wirs used s e conling agent, n the situations where it was

ditireuls o ubtain a crystalline solid phase, te solutions were

imated Ercor:
seeded 1o avid supersaturation

Precixion of temperature measurement was not worse than % 0.4
K 10 the erystalfization srea of (NF) HPO, and = 0.2 K 1 the

test of the system.

References:

'A. G. Bergman and N. P. Luzhnaya. Fiziko-Khimicheskiye
Osnovy Laucheniya i Ispol zovaniya Solyanykh Mestorozhdeniy
Khlorid-Sulfutnoga Tipa, Moscow IAN SSSR (1951).

Exporimontal Data

Solubility in the (NH,);HPO, -NH,NO;~ HyO system al 10°C

NHNO: (NH,),HPO, H,0 Solid
100w, mymor kg 't ouw, mfmol kg " 100w, phase”
- — 60.08 18.80 39.92 A
2,66 0.492 56.40 17.21 40.94 A
346 0.638 55.47 16.87 41.07 A+B
6.93 13 46.57 12,51 46.50 B
10.20 1.42 35.24 8.07 54.56 B

217 23.57 4.96 59.38 B

336 9.928 1.99 62.36 B
29.13 346 7.15 1.40 63.72 B
3097 376 6.62 1.33 62.41 8
3175 3.84 5.60 112 62.65 B
3419 4.20 4.14 0.839 6167 B
37.46 4.69 2.03 0.419 60.51 B
39.00 4.60 - — 61.00 B

“The molalities were caleutated by the compiler.
PThe solid phases are: A=NH,NOy; B=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
The isothermal method was used. The mixtures were
equilibrated for 8~9 hrs in 150-200 mt vessels made of
Mo-glass. Mechanjcal stirring was used. The thermostat
contained a 50% glycerol solution. The NH,*, HPO,2™ and
NO;~ ions were determined by the use of standard methods.'?

Source and Purity of Materials:
Chemically pure salts were recrystallized before use.

Estimated Error:
The temperature was kept constant to within = 0.1 K. No other
information is given.

References:

'A. K. Babko and L V. Pyawickiy, Kolichestvennyy Analiz,
Moscow, Goskhimizdat {1956).

V. F. Gillebrand, er al., Prakticheskoe Rukovodstvo po
Neorganicheskomu Analizu, Moscow, Goskhimizdat (1960).

(115148
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inal Measurements:
L. P. Torakhtey. S. N, Ganz, and R. 1. Braginskaya, zv. Vissh
Ucheb. Zaved. Khim. Khim. Tekhnol. 15, 320-2 (1972).

Components:

01 Diammonium hydrogenphosphate; (NH, ) HPO,:
17782 2%.0)

(2) Amamomuni nitrate; NHNO,: [6484-5
(33 Water: H,0; [7732-18-5)

]

Components:
(1) Diammonium hydrogenphosphate: (NH,);HPO,;
[7783-28-0]

(2) Diammonium sulfate; (NH,),S0,; [7783-20-2]
(3) Water; Hy0; [7732-18-5)

Evaluator:
1. Eysscltovd, Charles Universily, Prague, Czech Republic,
September 1995

Variables: Prepared By:
Femperatme and sompocition T Fyseeltavd
Experimental Data
Nonvariant points in the NH;NO - (NH,)HPO, - HyO system
NH,NO, {NH,);HPO, H,0

" 10thy, mmol kg ' 10w, mfmol kg 100w, Solid phases®

17,5 s 765 6.5 0.849 58.0 A+B+C

37 65.0 262 40 0977 31.0 B+C+D
26 530 158 5.0 0.901 420 B+D+E

< were calenlated by the compiter.
"The solid phases are: A icer B (NH,),HPO, - 2H,0; C= a-NH,NO: D= (NH,)>HPO,; E= -NH,NO;.

Augxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visual polythermic method! was used. Solid CO, was the Reagent grade NH;NO, and (NH,),HPO, were recrvstallized
cooling agent. twice.

Estimated Error:

The reproducibility is given as *'minimal difference between the
temperatures of appearance of the first crystal and the
disappearance of the last crystal.”

References:
'A. G. Bergman and N. P. Luzhnaya, Fiziko-khimicheskiye
Osnovy lzucheniya i Ispol'zovaiya Solyanyh Mestorozhdeniy
Khlorid-sul’Tatnogo Tipa, Moscow, IAN SSSR (1951).

Critical Evaluation:
9.5. (NH,),HPO,—(NH,),S0,-H,0
Only a very limited amount of data is available for this system. There is a report of the 298 K isotherm.' Another report? presents
the values for the isotherms at 273, 283 and 293 K. And Akiyama, et al.” have developed the following smoothing equation for
this system:
S=A/M+1.2) 0]

where § is the sotubility of (NH,);HPO, expressed as mass %; m is the mole ratio SO,/POy in the saturated solution; and A is a
Conswam having e NOWING vatues:

y°c A
0 43.6
25 49.9
50 56.4

A graphical comparison of some of the data at 293 and 298 K as well as results calculated from Eq, (1) are shown in Figure 27, From
this comparison it appears, again, as if the work of Volfkovich, et al.' is affected with a systematic error.

References:

'S. L Vol'fkovich, L. E. Berlin, and B. M. Mantsev, Tr. NIUIFa, 228 {1940).

2K. S. Chemnova and E. V. Korzh, Zh. Obshch, Khim. 16, 171 (1946).

3T. Akiyama, H. Kanzaki, and S. Minagawa, Nippon Dojo Hiryogaku Zasshi 49, 243 (1978).

olv) T T T

40 1
= b3 ° 1 o ref(1),208k
a . ref (2), 293K
&30 ° 1 + eq(1).298«
< D °
pe
Z
™20 1
4 >
£

10 b

)

o 1 30 40 S0

20
mass 7 (NH4)2504

FIG. 27. Solubility of (NH,);HPO, in the (NH,),HPO,~(NH.);S0,~H,0 system.
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Components:

(1) Diammonium hydrogenphasphate: (T, HPO

17783 28 1)

Original Measurements:
S. 1. Vol'fkavich, L. E. Berlin, and B. M. Manisev, Tr. NIUIFa,
228-42 (1940)

123 Diammunium sullate: INH3 .80, [7783-20-2)

(4 Water: O [7732:18-5)

Components: Original Measurements:

(1) Diammonium hydrogenphosphate; (NH,),HPO,; K. S. Chemova and E. V. Korzh, Zh. Obshch. Khim. 16, 171-7
{7783-28-0] {1946).

(2) Diammonium sulfatc: (NH;),SO;: [7783-20-2]

(3) Water; H,0; [7732-18-5]

Vuriabies:

Cumposinion l 25°C

Prepared By:
L.V, Chernykh and 3. Bysseliovd

Variables:
Composition at 0, 10 and 20 °C.

Prepared By:
L. V. Chemnykh and J. Eysseltova

Experimental Data
Sofubility in the (NH.;HPO, - (NT1),50,- HyO system al 25 °C

Experimental Data
Solubility isotherms in the (NH,);HPO, - (NH,),S0,- Hy0 systiem

INH)HBO, (NH,},50; H,0 Solid {NH,),HPO, {NH,),50, H,0 Solid
comp’ 10che, mdmol kg " comp® 100w P mmol kg™ *® 100w,” phase comp® 100w, m,/mol kg™'® comp® 100w, mi/mol kg™'® 100w, phase®
745 a7 S.64 00 0.0 00 57.3 A temp=0°C
550 315 601 47 198 335 447 A 4320 2780 327 121 7.8 092 64.40 A
427 299 612 495 33 6.77 37.0 A 35.90 2220 271 255 15.80 193 62.00 A
306 5 019 67.7 40.4 9.32 328 A+B 3049 17,50 2.30 435 25.00 329 57.50 A
00 00 00 764 433 578 56.7 B 2500 14,00 1.89 537 3000 405 56.00 A
24.10 1320 1.83 589 3210 4.44 5470 A
Fhe compasition umts are: /10 H,0. _ 0.00 0.00 2 4160 539 58.40 B
Plhese vaues were valeulated by the compiless.
“The sobd phases are: A+ (N1 1 HPOy B = (NH.),80,. temp=10°C
49.40 30.40 373 1281 790 0.97 6170 A
Ausiliary Information 400 2420 3.04 2565 1550 195 60.30 A
35.30 19.80 267 4290 24.10 325 56,10 c
Method / Apparatus / Procedure: Source and Purity of Materiais: 30.00 16.40 22 5280 2890 400 5470 c
The isathermal method was used. Equilibration required 4 0 § No information is given. 30.50 16.00 231 60.20 31.60 4.56 52.40 C
days. The composition of the solid phases was determined by _ 0.00 0.00 7348 4240 557 57.60 B
:\t:(::,u:m ’:\v ::l:\)i Mure experimental details have Estimated Exror: emp=20°C
A : The temperatre was kept constant within = 0.05 K. No other 583 3420 440 1178 6.90 089 58.90 c
information is given, 47.5 27.40 3.58 255 14.70 1.92 57.90 c
38.48 2120 292 43.40 23.80 327 55.00 c
Fef{renfeﬁ . ) 349 18.60 265 52.90 28.20 401 5320 c
x1“.,:-{)5;-:]....rmu B. M. Mantsev, Zh. Prikl. Khim. (Leningrad) 6, 246 1780 262 50.80 2080 453 S1.40 N
L9 - 0.00 0.00 77.30 43.60 5.85 56.40 B

*The composition unit is: g/100g H;0.
PThe malalitios wors caloulated by the compilera.

“The solid phases arc: A= (NH,);HPO, - 2H,0; B=(NH,),50,; C=(NH,),HPO,,

Auwxitiary Information

Method / Apparatus / Procedure:
A visual polythermic method was used. The isotherms were

derived from the results of this investigation. No other details
are given.

Source and Purity of Materials:
No information is given.

Estimated Error:
No information is given.

(4148
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Components:

1) Dummonum hydrogenphosphate: (NHg) HPO

Original Measurements:
A. M. Bahenko and A. M. Andriunov, Ukr. Khim. Zh. 48, 158

17783 28 0} (1982).
123 Diammmonium persultite: (NH $,0y: [7727-54:0)
(1) Wates, H,0: {7732 18.5)
Variables: Prepared By:
Compostion und temperatine 1. Eysseltovi
Experimental Data
9.6. Solubility in the (NH,),HPO,~(NH,),$,0,—H,0 System
(NS0, {NH,),HPO, H,0

00w, m/mol kg e, mJmol kg '* 100w, 1°C Solid phases®
320 206 0.0 0.0 68.0 -73 A+X
280 189 72 0.84 648 ~83 A+X
279 1.8% 71 0.81 65.1 ~9.0 A+X
20 154 156 189 624 -9.0 A+X
200 L6 16.0 192 630 -102 A+X
160 L4 2268 2801 61.32 ~10.5 A+X
(5.2 110 200 299 60.8 ~11.0 A+X
120 0.879 28.16 59.84 -118 A+X+B

00 0.0 26.3 73.7 -54 A+B

1.2 0.49 280 64.8 -9.0 A+B

0.0 0.0 39.6 60.4 +16.0 B+C

20 0.23 4074 56.26 +29.0 B+C

6.0 0.49 40.0 54.0 +32.5 B+C+D

80 0.60 312 58.88 +13.0 B+D

6.4 0.49 360 516 +278 B+D
13.8 Li0 3.0 . +22.5 B+D+X
294 236 16.0 54.6 +145 D+X
344 292 140 516 +230 D+X
19.0 146 240 570 +12.2 D+X
240 88 200 56.0 +11.0 D+X
210 146 160 630 ~10 A
156 110 220 624 -10 A
140 0977 222 62.78 -10 A
21125 1.4607 155 63375 -10 X
16.1 Lis 22653 61247 -10 X
15.16 1.096 242 60.64 -0 X
122 0.895 28.096 59.704 -10 X
230 L3 0.00 770 -5 A
15.0 0.859 85 76.5 -5 A

0.5 09 130 . -3 A
188 110 6.0 75.2 -5 A

0.0 0.0 243 243 5.7 -5 A

0.0 0.0 264 2m 736 -5 A
334 220 0.0 0.0 66.6 -5 X
29.5 2,04 705 0.841 63.45 -5 X
276 1680 8.0 0.94 o4.4 -3 A
235 1.68 153 189 612 -5 X
20,875 1.461 16.5 2.00 62.625 -5 X
18.0 132 2214 2801 59.86 -5 X

13.0 0963 27.84 3.563 59.16 =5 X
15.0 110 25.0 316 60.0 -5 X

72 0.49 28.0 327 64.8 -5 B
356 242 0.0 0.0 64.4 0 X
315 224 6.85 0.841 61.65 0 X
255 1.87 149 189 59.6 0 X
200 1.50 216 2.80 58.4 0 X

704 0.487 286 337 64.26 0 X
149 10 255 324 59.6 o X
20.5 1.46 18.0 222 615 0 X
26.7 1.88 110 134 62.3 0 X

0.0 0.0 218 292 72.2 0 B
396 2.87 0.0 0.0 60.4 1o X
350 6.5 0.84 58.5 10 X
295 4.1 047 66.4 10 X
240 18.24 2.35t 57.76 10 X
16.0 26.88 3.563 57.12 10 X
24.6 18.0 237 574 10 X
19.25 230 3.02 5175 10 X

6.5 310 376 62.5 10 B

0.0 350 4.08 65.0 10 B
14.5 215 3.59 58.0 10 B
335 276 133 1.89 532 20 b
280 2.33 19.44 2.801 52.56 20 D
18.0 141 26.24 3.563 55.76 20 D
10.2 0.778 32328 4.2594 57472 20 D
6.6 0.49 340 4.33 59.4 20 B
14.0 Li0 300 4.06 56.0 20 b
18.5 1.46 260 3.55 55.5 20 D
390 3.1 6.1 0.84 54.9 20 X

*The molalities were calculated by the compiler.
"The solid phases are: A = fce; B=(NHq);HPO, -2H;0; C= (NH,);HPO,: D= (NH,),5,05: X="* m(NH,),5;0: n(NH,),;HPO,™ (an
unidentified solid phase—either solid solution or a compound).

Auxiliary Information

Method / Apparatus / Procedure:
An improved visual polythermic method! was used.

Source and Purity of Materials:
Reagent grade salts were recrystaliized and dried at 40-50 °C.

Estimated Error:
Precision of temperature measurement was * 0.4 K.

Refercuces:

'L. N. Esayzer and 1. M. Kaganskiy, Zavod. Lab. 1, 119 (1967).

S31Y3S Y.Lva ALNIgn10s 1SIN-Ovdnl
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Components:

(1) Diammunn hydsogenphosphate: (NH, ), HPO,:
§7783.26.0]

(21 Ammoniam ehloride; NH,CIL [£2125.02-9)

(3 Water: H.0; [7732:4%-5}

Original Measurements:
A. A. Volkov and O. E. Sosnina, Uch. Zap. Perm. Univ. 229,
35-9 {1970)

Components:

(1) Diammonium hydrogenphosphate; (NH,);HPO,;
(7783-28-0}

(2) Disodium hydrogenphosphate; Na,HPO,: [7558-794]
(3) Water; H,0: [7732-18-5}

Original Measurements:
R. F. Platford, I. Chem. Eng. Data 19. 169-8 {1974).

Variables:

Composition a A1C.

Prepared By:

L. V. Chernykh and ). Eysseltovi

Variables:
Composition at 25 °C.

Prepared By:
1. Eysseltova

Experimental Data

9.7. Solubility in the NH,CI-(NH,),HPO,~H,0 System at 20 °C

Experimental Data
9.8. Solubility in the Na,HPO,—(NH,),HPO,-H,0 System at 25 °C

Auxiliary Information

Method / Apparatus / Procedure:
The isothermal method of sections' was used with the aid of
refractive index measurements

Source and Purity of Materials:
Chemiically pure NH,Cl and pure (NH,),HPO, were used.

Estimated Error:

No information is given.

References:

IR. V. Merclin, Izv. biolog. n.-i. in-ta pri Permsk. un-te. 11, 1
(1937).

’E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Khim. 5. 2360
(1960)

NI (NIt IR0, Ho Refractive NayHPO, (2114)1IPO, Sulid

L 100w, mtmol kg 't 100w, mfmol kg 100w, index Solid phase 100w, m/mol kg™ 100w, m;/mol kg™ '* phase®
Q 0 40,80 5215 59.20 1.4100 (NH,),HPO, 104 082 0.00 0.00 A
30 092 36.0 446 61.0 1.4050 {NH,;),HPO, 12.3 1.01 2.0 0.18 A

550 104 34 3829 0275 1.4020 {NH,),HPO, 160 139 33 031 A+B
2.0 20 295 352 63.5 14010 (NH,);HPO, 15.6 138 46 0.44 B
9.5 28 26.75 3178 63.75 1.3985 (NH,),HPO, 13.6 119 59 0.55 B
17 339 2375 2784 04,55 1,3980 (NH{),HPO, 13 097 7.0 065 B
[EXY .03 210 2.44 65.0 1.3975 (NH,),HPO, 10.5 092 89 0.84 B
16.25 4691 19.0 222 64.75 13970 (NH,),HPO, 97 0.88 128 1.25 B
19.00 5443 1578 1.527 65.25 1.3980 (NH,),;HPO, 9.1 0.84 14.4 142 B
2150 6.231 140 164 645 1.3990 (NH.):HPO, +NH,Cl 8.2 0.78 18.0 185 B
275 0593 12,75 1.496 64.50 1.400 NH,CI 84 083 204 2.7 B
2300 0,563 11.50 1.329 6300 1.3910 NH,CE B 0.8 255 2.90 B
24.00 6.597 .00 0.890 68.00 1.3930 NH,CI 78 0.90 312 387 B

20,0 604 4.0 0.43 700 1.3890 NH,CI 85 L16 40.t 591 B+C
271 695 Bl 0 629 1.386 NH,C 71 097 413 6.06 C
48 0.62 408 5.68 C
“These vadues were cateutaed by the compilers 18 022 s 550 ¢
0.0 0.00 415 537 c

“The molalities were calculated by the compiler.

PThe solid phases are: A=Na;HPO,- 12H,0; B=NaNH,HPO, - 4H,0; C=(NH,),HPO,.

Auxiliary Information

Method / Apparatus / Procedure:
Conventional measurements were made on aliauots of
saturated solutions. The ammonium salt was determined

i as i borate and the total
salt content was determined by evaporation to constant weight
in vacuum over H,S0,. The sodium salt was then estimated

by difference. The composition of the eutonics was determined

by an isopiestic method.?

Source and Purity of Materials:

The AR erade phosphates were recrystallized ance from water.
The Na,HPO, was dried at 105 °C. The {NH,),HPO, was dried

in vacuum over sulfuric acid at room temperature.

Estimated Error:
No information is given.

References:

'A. 1. Vogel, Quantitative Inorganic Analysis, Wiley, New York,
p. 566 (1961). 2. R. F. Platford, Amer. J. Sci. 272, 959 (1972).

vsvi
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Compone

(0 Drammonium hydrgenphosphate: INH, ) HIPO
[7783.25 0]
21 Diammomum carbonate: (NH

Oy | SU6-87-6]

(3 Dipotassium ydsogenphosphiate; K HPO,: [7758:11-3]
) Dipotssaum catbumate: K,CO {583 08.7)

5) Water: H,(3, 17722 1% 57

Original Measurements:

M. N. Sy . NS, T . and A, B.
Kusnetsova, lzv. Vyssh. Ucheb. Zaved.. Khim. Khim. Tekhnol.
20, 1336-8 (197R)

Components:

(1) Diammonium hydrogenphosphate; (NH,):HPO,;
[7783-28-0]

(2) Ammonium nitrate: NH,NO,; [6484-52.2}

(3) Dipotassium hydrogenphosphate; KyHPO,; [7758-11-4)
(4) Potassium nitcate: KNO,,; [7757-79:1}

(5) Water: H,0; [7732-18-51

Original Measurements:
M. R. Endovitskaya and V. I, Vereshchagina, Zh. Neorg. Khim,
15, 2265-7 (1970)

Variables:

Composttion ar 0, 19, 20 and 30 °C

Prepared By:
3. Bysseltovi

Variables: Prepared By:

Temperature and composition. 1. Eysseltova

Experimental Data

10. Quaternary Systems With (NH,),HPO,

The suthor: prescm the Follosing

following values for the parame

L AL are given:

iy = A2 O] s, where y = total plant putrient, and x = the mans ratio K, O/N. The

1 A
0 26.11
10 284
20 30.48
0 3.0

Ausiliary Information

Method / Apparatus / Procedure;

The isothermat method was used with 3.5 hours allowed for
equilsbration. Both liguid and solid phases were unalyzed.
NE T Wis Qeernined by 2 disiiiadon memod,' #,0s by e
cttrate method” wid potasssium gravimetrically as the
tetraphenylborate. The sofid phase was analyzed by the
Svhreinemaker's method,

Source and Purity of Materials:
Na information is given

istimated Error:

No tnformation is given

References:

'L N. Shokin, 5. A. Krasheninikov, et af., Tekhnicheskiy Analiz
i Kootrol'v 3 k y Tzd.
Vysshaya Shkola, Moscow (1968).

N. Kel'man, E. B. BIUCKUs, and K. F. Osherovicn, Metody
Analiza pri Kontrole Proizvodstva Sernoy Kistoty i Fosfornykh
Udobreniy. Goskhimizdat. Moscow (1963).

Experimental Data

Composition and cr of invariant points in the (NH,),HPO,~ KNO;~H,0 system
KNO, (NH,),HPO, H,0
100w, mmol kg™* 100w, milmol kg™'* 100w, 1°C Solid phases®
20 14 2.5 345 625 0 A+B+C
10 15 2% 31 64 -4 A+C+D
90 12 18 19 7 -8 D+E+F
85 12 2 24 695 -2 A+DIE

*These values were calculated by the compiler.
"The solid phases are: A=(NH,);HPO, 2H,0; B=(NH,),HPO,; C= y-KNOy; D= B-KNOy; E = ice: F= a-KNO,

Note: The rest of the data in the article are given only in graphical form.

Auxiliary Information

Source and Purity of Materials:
Pure KNO, and reagent grade (NH,);HPO, werc used.

Method / Apparatus / Procedure:
A visual polythermic method was used.'

Estimated Error:
No information is given

Referenceas

'A. G. Bergman and N. P. Luzhnaya, Fizikokhimicheskiye
Osnovy fzucheniya i Ispol‘zovaniya Solyanykh Mestarozhdeniy
Khlorid-Sul'fatnogo Tipa, Moscow, IAN SSSR (1951).

SIHAS Y.Lva ALMIENTOS LSIN-OVdNI
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Part 2. Solubility isotherms in the (NH,);HPO, ~K,;S,0;- Hy0 system

" (NH,),HPO, K,$,04 H,0 Solid
Components: Original Measarements: ) 100w, mmol kg™t 100w, mydmol kg™ 100w, phases”
F Do Bydesgenplnnptai . (HTLTTO, AL M. Hubonko and A M Andrianav 7h Neorg Khim. 29, ' [ g h s
1773 2% 1] - 157K-42 (1984 empe—20°C
12 Dia I eaullades (INHLS,00 18N
o :>1|:::'|{11::11:::|I\\‘>}1;.ugmpnmph‘.;«-. K HPO,: 77581143 58 0.90 453 487 489 A
4 Diputassium thiosaliare: K,$,:0.0 [10294 66 k| 1.9 1.89 404 4.45 477 A
(51 Water: HLOL (773218 5] 15.6 223 340 350 51.0 A
174 252 304 3.06 522 A
Variables: Prepared By: 202 319 319 350 479 B
Composition and temperatuze 3. Ryssehovid 15.5 252 380 429 465 B
125 2.08 2.0 4.85 455 B
Experimental Data 0 0 526 583 414 b
Part. 1. Poinis of simultancons crystallization of two or three solid phases in the (NH,);HPO;-K;8;0 - H,0 system temp=—10°C
0 0 380 322 62.0 A
INH PO, K;8:04 L0 . s"’“ih 100 120 270 225 63.0 A
Tt m/mol kg 100w, mdmol kg 100w, y°C phases 210 252 158 131 632 A
o a2 1y s 512 186 A+B 280 327 7.8 0.582 64.82 c
20,0 ERE} 2.0 150 450 -236 A+B 290 344 7.1 0.58 63.9 c
120 s 400 438 480 -236 A+B 300 361 7.0 058 630 c
0.0 252 360 394 480 —242 A+B 246 3.53 227 226 52.7 B
200 AR 148 1.3t 59.2 - 128 A+B+C 210 3.35 316 3.50 474 B
0 o 52.0 570 4R.0 -215 A+D 14 1.88 428 491 458 B
Seb 084 £ 497 48.6 -20.0 A+D 5.2 0.85 48.6 553 46.2 D
1.0 199 42.24 4.850 45.76 -28.0 A+B+D 0 0 55.0 6.42 450 D
20.6 IR 0 0 704 ~65 A+C temp=0°C
s 201 T4 0.50 02.0 104 A+C 278 292 0 0 722 c
w0 4.4 o 0 61.0 16.5 B+C 274 3.57 145 131 58.1 B
300 47 6.4 0.58 576 14.4 B+C 218 351 312 349 410 B
iv 0 446 13.6 1.31 54.4 116 B+C 140 253 440 5.50 420 B
1; 1 4259 8.0 on 58.88 12,6 B+C 48 0.84 52,0 6.32 432 D
}«; o 2727 12,0 L7 58.96 1.6 B+C 72 1312 5118 6.452 4165 D
114 208 4895 6422 40.05 42 B+D 0 0 574 7.08 426 D
9.0 19 54.6 7.88 364 160 B+D temp=10°C
331 375 0 [ 669 [«
“These vilues were caleulated by the compiler. 336 426 6.64 0584 59.76 c
e solid phuses are: A = ices B2 (NH,)HPO; C= (NH,):HPO; - 2H,0; D= K;5,04. 310 425 138 131 552 B
226 368 309 3.49 26.5 B
4.6 0.85 54.4 697 41.0 D
0 [ 60.0 7.88 400 D
“Thesc values were calculated by the coropiler.
"The solid phases are: A = ice; B=(NHy);HPO,; C=(NH,),HPO, 2H,0; D=K,S$,0;.
Auilimy Tuformativn
Method / Apparatus / Procedure: Source and Purity of Materials:
An improved visual polythermic method' was used. All materials were of chemically pure grade. (NH,),HPO, was

recrystallized twice and dried at 30-40 °C. K,S,0y (pur.. TU
6-09-44-70) was recrystallized twice and dried at 105 °C.

Estimated Error:
Precision of lemperature measurement was = 0.4 K.

References:
L. N. Erayzer and 1. M. Kaganskiy, Zavod. Lab. 1, 119 (1967).

1148
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The data are also presented in the form of isoconcentrations:

Components: Original Measurements: X 1:C‘ . R {NH,),HPO, N HZOb
1 Duammomens bydrogenphosphiate: (NFL)HTPO,: I Kurshev and K. Asitska, God. na VKBTI, Soliya, 100-9 comp 100w, mdmol kg 100w, m/mol ke 100w,
T8N0 a970).
“,‘v \ m|]|u||\ chborde. NILCL 12125029 lotal salt = 700 g/1000 g HyO
L4 Dotz Bydiogenphosphate: K HPO,: [7758-11.4] 00 0.0 00 412 5.3 8.8
13 Potassinn chlonnle, RCE 17747 40 7] 11 46 1.0 36.6 471 58.8
(51 Watter, 11,0, 1178018 5] 125 5.1 1.2 36.0 4.64 588
250 103 235 309 398 8.4
Variables: Prepared By: 334 138 a4 274 3.53 58.8
Compunition A 15 1 3% ¢ I Eysehovd 395 16.3 37 29 321 588
400 165 376 24.7 EXD) 588
Experimental Data 413 17.0 3.88 242 3n 58.8
Solubslity isothertns for the (N, ) HPO, - KCl- HyO system 454 187 425 25 290 584
S S N D
100 nfol ke 100w, mfmal kg ' 100w, h total salt=720 g/1000 g ﬁ,o - o
g 25 C 00 0.0 0.0 419 5.45 s8.1
oo . i . 589 i 46 11 372 485 8.1
a L 4 574 588 150 6.3 14 5.6 463 8.1
1 v 05 154 5.1 26.7 n2 258 30.7 4.00 s8.1
rot s o 157 575 300 126 290 293 382 s8.1
o Lox 00 I 56.9 358 150 3.46 269 350 58.1
s o e a7 @R 382 160 3.69 259 337 58.1
i o 259 112 575 305 16.5 381 253 330 s8.1
- o Py s 581 410 172 396 247 322 58.1
10 o 232 299 588 22 17.7 4.08 242 315 58.1
emp= 35 °C 442 18.5 427 234 3.04 58.1
0o 00 432 576 568 46.5 19.5 449 24 292 8.1
0o 12 119 a0 6.1 49.1 206 474 213 277 s8.1
15.1 5,03 4 +01 33.5 total ¢alt=740 g/1000 g H,0
. o o4 160 555 0.0 00 00 4 5.60 57.5
e o 506 146 56,1 N 47 1 378 498 57.5
Ik i s 123 569 200 83 20 340 448 515
192 148 234 107 575 27.3 e 271 309 407 575
17 s 2 289 5.1 333 142 330 284 374 57.5
00 s . 27 588 8.5 164 382 262 345 575
395 168 392 257 339 57.5
40.1 171 398 25.5 336 57.5
420 179 417 2.7 325 51.5
444 189 441 26 312 575
467 199 463 27 299 7.5
490 208 4386 217 286 51.5
total salt=760 g/1000 g H,0
0.0 00 00 432 55 56.8
1. 48 i1 8.4 502 56.8
200 86 20 345 460 56.8
30.0 130 2.06 30.2 4.02 56.2
328 142 334 20 387 56.8
350 151 357 23 374 56.8
39.0 168 398 2.3 3.51 56.8
395 171 4.03 26.1 348 56.8
400 173 .08 259 345 56.8
408 176 416 256 341 56.8
416 18.0 424 252 336 56.8
422 i8.2 430 250 333 56.8

S3IH3S V.Lva ALITIENTOS 1SIN-Ovdnl
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434 8] 442 244 126 56.8
49 194 4.58 235 317 56.8
4S8 [URS +o7 234 312 56.8
total salt =70 @/1000 g H,0
0o an 0.0 438 591 56.2
18I 19 12 39.0 5.25 56.2
200 i 2 ELN] 472 56.2
26,0 1 272 4.37 56.2
4.2 1500 5% 389 56.2
7.3 163 390 370 56.2
w7 174 415 3.56 56.2
1o 2.0 1.20 3.48 56.2
424 8.0 444 252 340 56.2
440 9.3 4.60 24.5 331 56.2
450 19.7 471 24.1 325 56.2
total salt=800 g/1000 g H;O

00 0.0 0o 44.4 6.06 556
100 a4 (B 40.0 5.45 55.6
200 89 24 356 4,85 556
R4 124 3.00 320 436 55.6
ER¥3) 14.9 3.61 295 4.02 55.6
nn 160 I8A ma ERS 556
a0 169 4.08 27.6 376 55.6
WS 176 4.24 269 3.66 556
400 182 4.40 26.2 157 55.6
430 19.1 4.61 25.3 345 55.6
45.0 200 433 244 333 55.6
“The composition unit is: mass % KClin solute.

PThese values were caleulated by the compiler.

Auxiliary Information

Method / Apparatus / Procedure:
The isothermal method and a viswal polythermic method' were
used. In the isothermal studies, NH, was determined by the
formaldehyde method, HPO,® by direct titration with MgChy,
€1 by the Volhard method. and K™ by titration with
weiraphenylhorate.

Source and Purity of Materials:
Carlo Erba reagent grade KCI and (NH,);HPO, were used.

Estimated Error:

‘No information is given.

Referencess
'A. G. Bergman and N. P. Luznaya, Fiziko-Khimicheskiye
Osnovy i Ispol'zovaniya i

Khiorid-Sul'fatnogo Tipa, Moscow, IAN SSSR (1951).

Components:
(1) Triammonium phosphate; (NH, ) PO, ; [10361-65-6]
(2) Triethylamine hydrochtoride: C.H,(CIN: [$54-68-7]
(3) Water; H,0; [7732-18-5])

Original Measurements:

O. E. Sosnina and A. A. Volkov, Uch. Zap. Perm. Gos. Univ.,
Ser. Khim. 280, 20 5 (1073).

Variables:
Composition at 20 °C,

Prepared By:
J. Eysseltova

Experimental Data
Saluhility in the (NH,),PD, - (C,H;),N HCI H,0 system at 20 °C

(NH,),PO, (CyHs):N-HCI H,0 Refractive Solid
100w, m/mol kg™ '* 100w; midmol kg™'* 100w, index phases”
12.5 0.985 — — 87.5 1.3580 A
9.2 0.78 9. 0.84 817 13650 A
2.3 0.68 185 188 742 1.3730 A
4t 0.42 288 323 67.1 1.3865 A
33 0.37 350 427 61.7 13950 A
18 021 393 5.03 589 1.3995 A
0.7 o1 49.7 755 49.6 14160 A
- - 57.2 10.1 428 1.4295 B

*The molalities were calculated by the compiler.
"The solid phases are: A=(NH,)3PO,; B=(C,Hs);N- HCI.

Auiliary Information

Method / Apparatus / Procedure:
The refractometric variation of the isothermal method was
used.! An IRF-22 refractometer was uscd.

Source and Purity of Materials:

(NH,)3PO; was synthesized according to directions given by
others.” His composition was checked by analyzing it
periodically.

Estimated Error:
No information is given.

References:

'E. F. Zhuravlev and A. D. Sheveleva, Zh. Neorg. Khim. 5, 2630
(1960).

*Yu. V. Karyakin, Chistye Khimicheskiye ~Reaktivy,
Goskhimizdat, Moscow-Leningrad (1947).

86h1
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Original Measurements:
A. A. Valkov and O, E. Sosnina, Uch. Zap. Perm. Univ. 229.
38-9 (1970)

Components:

(1 Tiammomum phesphates (NTHL PO [10361-65-6]
1 Ammonnen chlonde: NHCE[12125 02 9]

9 Water, HLOL [ 7732 1% 8]

Variables: Prepared By:
Composiin at 0 ¢ LY. Chemyhlamd . Eysatirsa
Experimental Data
Solubilety i the NHLCE (N PO, - HLO system at 20°C
NILCE NH) PO, H0 Solid

[ aimol by 100w, mmol kg ' 100w, index phasc”

n it 1280 0.9979 87.20 1.3580 A

RN DKL QK0 0.777 8570 1.3620 A

ol ANTEY K90 0.738 81.99 1.3080 A

AR 204 790 1L.OR6 78.30 1.3750 A
TN 10670 7.55 0.694 7395 1.3820 A
21 R 7.20 {LOKS T1.50 1.3860 A
M 6557 120 0712 08,70 1.3860 A
M0 6.685 7.0 0.695 68.50 1.3920 A+R
2450 6542 5.50 0534 7000 1.3905 B
2S00y (A 270 0736 7170 1 3RAG R
2000 (UK 0 o 7290 1.3860 B
“These values were valvulited by the compil

.
e solid phises ares & - UNHL PO, 31,00 B NELCT

Awiliary Information

n

£ APPAraS £ PROCCOUre: Svurce amd Putity of Mater tuls:

Chemically pure NH,CI and  (NH,),PO, were prepared
b

The sathermal method of sections™ wis used with the aid of

refractive indes measrements wccording to dircetions given clsewhere.

Es

No information is piven

mated Error:

Reference
'R. V. Merclin, lzv. hiolog. n.-i. in-ta pri Permsk. un-te. 11, 1
(1937,

2E. F. Zhuraviev and A. D. Sheveleva. Zh. Neorg. Khim. 5, 2360
(1960).

*Yu. V. Karyakin. Chistye Khimicheskic Reuktivy, Moscow, p.
58 (1947}

. used but details are not given.

Components: Original Measurements:
(1) Diammonium hydrogenphosphate; (NH,),HPO,:
[7783-28-0]

(2) Ammanium chloraic; NH,CIOy; {10192-29-7)

(3) Magnesium hydrogenphosphate; MgHPO,; [7757-86-0
(4) Magnesium chiorate; Mg(CIO, ) 5: {10326-21-3]

(S) Water: Hy0: [7732:18-5]

Zh. 61-2 {1985).

S. Tukhtaev, Kh. Kucharov, and M. K. Askarova, Uzb. Khim,

Variables: Prepared By:

Temperature and composition. L. V. Chemnykh and J. Eysseliovi

Experimentul Data
Solutions co-existing with three solid phases in the (NH,),HPO,~Mg(ClO,); H,0 system

Mg(ClO,), (NH,),HPO, H,0

100w, mimol kg 100w; m/mol kg™'* 100w, H°C Solid phas

36.3 299 0.20 0.024 63.5 -52. A+B-C

404 356 0.20 0.025 594 -2t8 R+C+D

438 4.09 025 0.034 5595 -16 CIDIE
03 0.02 25.1 255 746 -5 A+CHF
04 0m 388 483 60.8 -149 C+F+G

“The molalities were calculated by the compilers.

YThe solid phases are: A = ice: B=Mg(C10:)1- 16H:0: C=Mga(PO3a- 1RHL0: D=Me(Cl0,), - 12H.0: E=Me(Cl0s)a-6H,0: F

= (NH,),HPO; - 2H,0;

(NH,);HPO,

Auxiliary Information

Method / Apparatus / Procedure: Source and Purity of Materials:

A visuat polythermic method and the isothermal method were

1cuystallization it purity was 9.1,

Estimated Error:
No information is given.

Chemically purc (NH4);HPO; was recrystallized
Mg(ClO;); was recrystallized from ether. After the final

twice,

S31H3S V1Vd ALNIENTOS LSIN-OVdNI

6St1



11. SYSTEM INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compilation tables.

Ammonia (aqueous)
+ diphosphorus pentoxide
+ diphosphoric acid
+ phosphoric acid
+ triphosphoric acid
+ tetraphosphoric acid
Ammonia (aqueous, multicomponent)
+ calcium oxide
+ hydrogen chloride
+ nitric acid
+ phosphoric acid

+ potassium oxide

+ sulphuric acid
Ammonium chlorate (see chloric acid, ammonium salt)
Ammonium chloride (aqueous)

+ phosphoric acid. diammonium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, triammonium sait
Ammonium chloride (aqueous,multicomponent)

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monosodium salt

+ phosphoric acid, monopotassium salt

+ nitric acid, ammonium salt

+ nitric acid, potassium salt

+ potassium chloride

+ sodium chioride
Ammonium dihydrogenphosphate (see phosphoric acid, monoammonium salt)
Ammonium nitrate (see nitric acid. ammonium salt)
Biuret (agueous)

+ phosphoric acid, monoammonium salt
Calcium oxide (aqueous, multicomponent)

+ ammonia

-+ nitric acid
Calcium oxide (aqueous, multicomponent)

+ phosphoric acid
Carbonic acid, diammonium salt (aqueous)

+ phosphoric acid, diammonium salt
Carbonic acid, diammonium salt (aqueous, multicomponent)

+ carbonic acid, dipotassium salt

+ phosphorie acid, moneammaonium salt

+ phosphoric acid, monopotassium salt
Carbonic acid, dipotassium salt {(agueous, multicomponent)

+ carbonic acid, diammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt
Cesium dihydrogen phosphate (see phosphoric acid, dicesium salt)
Chloric acid, ammonium salt {aqueous, multicomponent)

+ chioric acid. magnesium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, monomagnesium salt
Chloric acid. magnesium salt (aqueous, multicomponent)

+ chloric acid, ammonium salt

+ phosphoric acid. diammonium salt

+ phosphoric acid. monomagnesium salt
Diammonium carbonate (see carbonic acid. diammonium sait)
Diammonium hydrogen phosphate (see phosphoric acid. diammonium salt)
Diammonium dihydrogen diphosphate (see diphosphoric acid. diammonium salt)
Diammonium peroxodisulfate (see persulfuric acid, diammonium salt)
Diammonium thiosulfate (see thiosulturic acid. diammonium salt)
Dibutylamine hvdrochloride (aqueous)

~ phosphoric acid. monoammonium salt

= wributylamine hydrochlotide '
Diphosphoric acid {aqueous!

<~ ammonia

0047-2689/98/27(6)/1460/182/$89.00 1460

E1297

E1297, 1299

E1300-1304, E1313-1315, 1317-1324, 1325-1330
E1297. 1299

E1297, 1300

1335, 1337-1338, 1341, 13421345

E1354

E1330, 1331-1334, 1342-1345

E1330, 1331-1335, 13371338, 1341, 1342-1345, E1346,
1346-1354, E1354, 1355-1357

E1346, 1353-1354, 1357

E1346, 1346-1354

1454
E1404, 1405
1459

1425, 1434, 1435, 1437, E1438, 1438-1441
1437

1425, 1434, 1435, E1438, 1438-1441
1425, 1434, 1435

1425, 1434, 1435

1425, 1434, 1435, E1438, 1438-144]

1437

E1382, 1384

1335, 1337-1338, 1341, 1342-1345
1299-1345

1335, 1337-1338, 1341, 1342-1345
1448

1414
1414
1414

1414, 1455
1455
1455
1414
1414

1459
1459
1459

1459

1459
1459

1386
1386

E1297, 1299
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Diphosphoric acid, diammonium salt (aqueous)

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Diphosphoric acid, tetraammonium salt (aqueous)

+ phosphoric acid, monoammonium salt
Diphosphorus pentoxide

+ ammonia (aqueous)
Dipotassium carbonate (see carbonic acid, dipotassium satt)
Dipotassium hydrogen phosphate (see phosphoric acid, dipotassium salt)
Dipotassium sulfate (see sulfuric acid, dipotassium salt)
Dipotassium thiosulfate (see thiosulfuric acid, dipotassium sait)
Disodium hydrogen phosphate (see phosphoric acid, disodium salt)
Hydrogen chloride (aqueous, multicomponent)

+ ammonia

+ phosphoric acid
Magnesium chlorate (see chloric acid, magnesium salt)
Magnesium hydrogen phosphate (see phosphoric acid, monomagnesium salt)
Methionine (aqueous)

+ phosphoric acid, diammonium salt

+ phosphoric acid, monoammonium salt
Nitric acid (multicomponent)

+ ammonia

+ phosphoric acid
Nitric acid, ammonium salt{(aqueous)

+ phosphoric acid, monoammonium salt

+ phosphoric acid, diammonium sait
Nitric acid, ammonium salt (agueous, multicomponent)

+ ammonium chloride

+ nitric acid, potassium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

+ phosphoric acid, monoammonium salt

+ phosphoric acid, monopotassium salt

+ potassium chloride

+ sulfuric acid, dipotassium salt

+ urea

+ urea nitrate

+ urea phosphate
Nitric acid, potassium salt (aqueous, multicomponent)

+ nitric acid, ammonium salt

+ phosphoric acid, diammonium salt

+ phosphoric acid, dipotassium salt

-+ phosphoric acid. monoammonium salt

+ phosphoric acid, monopotassium salt

+ potassium chloride

+ urea
Persulfuric acid. diammonium salt (aqueous)

+ phosphoric acid. diammonium salt
Phosphoric acid (aqueous)

+ ammonia

+ phosphoric acid, monoammonium salt
Phosphoric acid (aqueous. multicomponent)

-+ ammonia

+ calcium oxide
+ hydrogen chloride
= nitric acid
~ phosphoric acid. calcium salt (3:2)
+ phosphoric acid. triammonium salt
+ potassium oxide
~ sulluric acid
Phosphoric acid. calcium salt (3:2) (multicomponent)
~ phosphoric acid. triammonium salt
~ phosphoric acid
Phosphoric acid. diammonium salt
- owater
Phosphoric actd. diammonium salt (aqueous)
— ammonium chloride

E1297
E1297, 1298

E1297

E1297

E1354, 1355-1357
E1354, 1355, 1357

E1446, 1447
E1382, 1385

E1330, 1331-1334
E1330, 1331-1334

E1391, 1392-1397, E1423, 1423-1436
E1449, 1449-1451

1425, 1434

E1423, 1423-1436, 1455
1366, 1369-1370, 1444, 1455
1455

1366, 1369-1370, E1386, 1387-1389, 1397, E1423, 1423-1436
E1423, 1423-1436

1370, E1423, 1425, 1434
1369

1366, 1444

1397

1397

E1423, 1423-1436, 1455
1371, 1445, 1455

1455

1371, E1423, 1423-1436
E1423, 1423-1436
E1423, 1425, 1434, 1435
1445

1453

E1300-1304, E1313~1315, 13171324, 1325-1330
1305

E1208, 1331-1334, 1337-1338, 1341, 1342-1345, E1346,
1346-1354, E1354, 13551357

1335, 1337-1338, 1341, 1342-1345

E1354, 1355-1357

E1330, 1331-1334, 13421345

1336

1336

E1346, 1353-1354, 1357

E 1346, 13461354

1336
1336

EI1302-1304, 1307, 1308, 1309-1310, 1313

1454
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1462 J. EYSSELTOVA AND T. P. DIRKSE

+ carbonic actd, diammonium salt
+ diphosphoric acid, diammonium salt
+ methionine
+ nitric acid, ammonium salt
+ persulfuric acid, diammonium salt
+ phosphoric acid, disodium salt
+ phosphoric acid, monoammonium salt
+ sulfuric acid, diammonium salt
+ thiourea
+ triethylamine hydrochloride
+ urea
+ urea nitrate
Phosphoric acid, diammonium salt (aqueous, multicomponent)
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt
+ chloric acid, ammonium salt
+ chloric acid, magnesium salt
+ nitric acid, ammonium salt
+ nitric acid, potassium salt
+ phosphoric acid, dipotassium salt
+ phosphoric acid, monoammonium salt
+ phosphoric acid, monomagnesium salt
+ phosphoric acid, monosodium salt
+ potassium chloride
+ sulfuric acid, dipotassium salt
+ thiosulfuric acid, diammonium salt
+ thiosulfuric acid, dipotassium salt
+ triethylamine hydrochloride
+ urea
Phosphoric acid, dipotassium salt (aqueous, multicomponent)
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt
+ nitric acid, ammonium salt
+ nitric acid, potassium salt
+ phosphoric acid, diammonium salt
+ potassium chioride
+ thiosulfuric acid, diammonium salt
+ thiosulfuric acid, dipotassium salt
Phosphoric acid, disodium sait (aqueous)
+ phosphoric acid, diammonium salt
Phosphoric acid, monoammonium salt
+ water
Phosphoric acid, monoammonium salt (aqueous)
+ ammonium chloride
+ biuret
+ diphosphoric acid. diammonium salt
+ diphosphoric acid, tetraammonium salt
+ methionine
+ nitric acid. ammonium salt
+ phosphoric acid
+ phospharic acid. diammoninm <alt
+ phosphoric acid, monocesium salt
+ phosphoric acid, monosodium salt
+ phosphoric acid. monopotassium salt
+ phosphoric acid, monorubidium salt
Phosphoric acid. monoammonium salt (aqueous)
+ phosphoric acid. monothallium salt
+ sulfuric acid. diammonium sait
+ sulfuric acid. diputassium salt
+ thiourea
— tricthyvlamine hydrochloride
- ured
FPhosphoric acid. monoammonium salt (aqueous, multicomponent)
~ ammonium chloride
— carbonic acid. diammonium salt
= carbonic acid. dipotassium salt

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998

1448

E1297

El1446, 1447
E1449, 1449-1451
1453

1454

1312, 1325

E1451, 1452
E1446, 1446, 1447
E1446, 1448
E1442, 1443
E1442

1456

1455

1455

1459

1459

1366, 1370, 1444, 1455
1371, 1445, 1455

1455, 1456

E1358, 1358-1372

1459

1372

1365, 1366, 1370, 1456
1369, E1373, 1373-1374
1456

1375, 1456

1368

E1358, 13581371, 1444, 1445

1456
1455
1455
1455
1455
1455, 1456, 1457
1456
1456
1456

1454
E1300-1302, 1306, 1308~1309, 13101312, 1313

E1404, 1405
E1382, 1384
E1297, 1298
E1297
E1382, 1385
E1392, 1392-1397
1305

13172, 1325
E1408-1409
1406
E1408-1409
E1408 1109

E1408-1409
E1397, 1398-1402
1369

E1382, 1383, (384
E1382, 1385
E1376. 1376-1381

1425, 1434, 1437, E1438, 1438-1441
1414
1414
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+ dibutylamine hydrochloride
+ nitric acid, ammonium salt

+ nitric acid, potassium salt

+ nitric acid, sodium salt

+ phosphoric acid, diammonium salt
+ phosphoric acid, monopotassium salt
+ phosphoric acid. monosodium salt

+ potassium chloride

sodium chloride
sulfuric acid, dipotassium salt
thiosulfuric acid, diammonium salt
thiosulfuric acid, dipotassium salt
tributylamine hydrochloride
triethylamine hydrochloride
urea
urea nitrate
-+ urea phosphate
Phosphoric acid, monocesium salt (aqueous)
+ phosphoric acid, monoammonijum salt
Phosphoric acid, monopotassium salt
+ water
Phosphoric acid, monomagnesium salt (aqueous, multicomponent)
+ chloric acid, ammonium salt
+ chloric acid, magnesium salt
+ phosphoric acid, diammonium salt
Phosphoric acid, monopotassium salt (aqueous)
~ phosphoric acid, monoammonium salt
Phosphoric acid, monopotassium salt (aqueous, multicomponent)
+ ammonium chloride
+ carbonic acid, diammonium salt
+ carbonic acid, dipotassium salt
Phosphoric acid, monopotassium salt (aqueous, multicomponent)
+ nitric acid, ammonium salt
+ nitric acid, potassium salt
+ phosphoric acid, monvammuoitium salt

+ o+ o+t o+t

+ potassium chloride
+ thiosulfuric acid, diammonium sait
+ thiosulfuric acid, dipotassium salt
~ urea
Phosphoric acid. monosodium salt (aqueous)
+ phosphoric acid, monoammonium salt
Phosphoric acid, monosodium salt (aqueous, multicomponent)
+ ammonium chloride
+ nitric acid, ammonium salt
+ nitric acid, sodium salt
+ phosphoric acid. diammonium salt
+ phosphoric acid. monoammonium salt
+ sodium chloride
Phosphoric acid, monorubidium salt (aqueous)
+ phosphoric acid, monoammonium sait
Phosphoric acid. monothallium salt (agueous}
-+ phosphoric acid. monoammonium salt
Phosphoric acid. triammonium salt
+ water
Phosphoric acid. triammonium salt tagqueous)
-+~ ammonium chlaride
= triethylamine hydrochloride
Phosphoric acid. triammonium salt taqueous, multicomponent}
- phosphoric acid. caleium salt (3:21
~ phosphorie acid
Potassium chloride (aqueous. multicomponent)
~ ammonium chloride
= nitric acid. ammonium salt
-~ pitric acid. poassium salt

1386

1366, 1370, E1386, 1387-1389, 1397, E1414-1415, 1416-1422,
E1423, 1423-1436

1371, E1423, 1423~1436

El414-1415, 1416-1422

E1358,1358~1371

1390, 1414, E1423, 14231436, 1436, E1438, 1438-1441]
1372, E1414-1415, 1416-1422, 1437

1365, 1366, 1370, 1390, E1423,

1425, 1434, 1435, E1438, 14381442

1437

1369, E1373, 1373-1374

1436

1375, 1436

1386

1368

E1358, 1358-1371. E1386, 13871390

1397

1382, 1397

E1408-1409
1313

1459
1459
1459

E1408-1409, 1414

1425, 1434, E1438, 1438—1441
1414
1414

El1423, 1423-1436

E1423, 14231436

1390, 1414, E1423,

14231436, E1438,

1438-1441

1425, 1434, 1435, E1438, 1438-1441
1436

1436

1390

1406

1437

El1414-1415, 1416-1422
El414-1415, 1416-1422

1372

1372, E1414-1415, 1416-1422, 1437
1437

E1408~1409

E1408-1409

1308

1459
1458

1336
1330

1425, 1434, 1435, E1438, 1438-1441

1366, 1370, E1423, 1425, 1434, 1435
1366, 1370, E1423, 1425, 1434, 1435

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998
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+ phosphoric acid, diammonium salt
+ phosphoric acid, monoammonium salt
+ phosphoric acid. monopotassium salt
+ urea
Potassium dihydrogenphosphate (see phosphoric acid, monopotassium salt)
Potassium nitrate (see nitric acid, potassium salt)
Potassium oxide (aqueous, multicomponent)
+ ammonia
+ hydrogen chloride
+ phosphoric acid
+ sulfuric acid
Rubidium dihydrogen phosphate (see phosphoric acid, monorubidium salt)
Sodium chloride (aqueous, multicomponent)
+ ammonium chioride
+ phosphoric acid, monoammonium salt
+ phosphoric acid, monosodium salt
Sodium dihydrogenphosphate (see phosphoric acid, monosodium salt)
Sodium nitrate (see nitric acid, sodium salt)
Sulfuric acid (aqueous, muiticomponent)
+ ammonia
+ phosphoric acid
+ potassinm axide
Sulfuric acid, diammonium salt (aqueous)
+ phosphoric acid, diammonium salt
+ phosphoric acid, monoammonium salt
Sulfuric acid, dipotassium salt (aqueous, multicomponent)
+ nitric acid, ammonium salt
+ phosphoric acid, diammonium salt
+ phosphoric acid, monoammonium salt
Tetraammonium diphosphate {see diphosphoric acid, tetraammonium salt)
Tetraphosphoric acid (aqueous)
+ ammonia
Thallium dihydrogen phosphate (see phosphoric acid, monothallium salt)
Thiosulfuric acid, diammonium salt (aqucous, multicomponent)
+ thiosulfuric acid, dipotassium salt
+ phosphoric acid, diammonium salt
+ phosphoric acid, dipotassium salt
+ phosphoric acid, monoammonium salt
+ phosphoric acid, monopotassium salt
Thiosulfuric acid, dipotassium salt (aqueous, multicomponent)
+ thiosulfuric acid, diammonium salt
+ phosphoric acid, diammonium salt
+ phosphoric acid, dipotassium salt
+ phosphoric acid, monoammonium salt
— phosphoric acid, monopotassium salt
Thiourea (agueous)
+ phosphoric acid, diammonium salt
~ phosphoric acid, monoammonium salt (aqueous)
Triammonium phosphate (see phosphoric acid. triammonium salt)
Tributylamine hydrochloride (aqueous, multicomponent)
+ dibutylamine hydrochloride
+ phosphoric acid. monoammonium salt
Triethylamine hydrochloride (aqueous}
+ phosphoric acid. diammonium salt
+ phosphoric acid. menoammonium salt
+ phosphoric acid. triammonium salt
Triethylamine hvdrochloride (aqueous. multicomponent)
+ phosphoric acid, monoammonium salt
Triphosphoric acidtaqueous)
~ ammonia
[rea taqueous)
+ phosphoric acid. monoammonium sait
+ phosphoric actd. diammonium salt
Urea (aqueous.multicomponent)
= nitric acid. ammonium sait
+ nitric acid. potassium salt
+ phosphoric acid. diammonium salt
~ phosphoric acid. monoammonium salt

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998

1365, 1366, 1370
1365, 1366, 1370, 1390, E1423, 1425, 1434, 1435
1425, 1434, 1435
1365, 1366, 1390

E1346, 1357
1357

E1346, 1357
E1346

1437
1437
1437

E1346
El346
El316

E1451, 1452
E1397, 1398-1403

1369
1369, E1373, 1373-1374
1369. E1373, 13731374

E1297, 1300

1436, 1456
1456
1456
1436
1436

1436, 1456
1375, 1456
1456
1375, 1436
1436

E1446, 1446, 1447
E1382, 1383, 1384

1386
1386

E1446, 1448
E1382
1458

1368
E1297. 1299

E1376, 1376-138)
E1442. 1443

1366. E1386, 13871389, 1444

1445

E1358. 1358-1371. 1444, 1445
E1358, 1358-1371, E1386, 1387-1391



~ phosphoric acid, monopotassium salt
+ potassium chloride
Urea nitraie (aqueous)
+ phosphoric acid, diammonium sait
Urea nitrate (aqueous,multicomponent)
+ mitric acid, ammontum salt
+ phosphoric acid, monoammonium salt
+ urea phosphate
Urea phosphate (aqueous)
-+ phosphoric acid, monvammonium salt
Urea phosphate (aqueous,multicomponent)
+ nitric acid, ammonium salt
+ phosphoric acid, monoammonium salt
+ urea nitrate

IUPAC-NIST SOLUBILITY DATA SERIES 1465

1390
1365, 1366, 1390

E1442
1397
1397
1397
1382
1397

1397
1397

J. Phys. Chem. Ref. Data, Vol. 27, No. 6, 1998
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12. REGISTRY NUMBER INDEX

Page numbers preceded by E refer to evaluation text whereas those not preceded by E refer to compilation tables.

57-13-6
59-51-8
62-56-6
108-19-0
506-87-6
554-G8-7
584-08-7
1305-78-8
1314-56-3
2466-09-3
4861-19-2
6287-40-7
6309-30-4
6484-52-2

7558-79-4
7558-80-7
7631-99-4
7647-01-0
7647-14-5
7664-38-2
7664-41-7

7664-93-9
7697-37-2
7722-76-1

7727-54-0
7747-40-7
7757-79-1
7757-86-0
7758-11-4
7778-77-0
7778-80-5
7783-18-8
7783-20-2
7783-28-0

10103-46-5
10192-29-7
10326-21-3
10361-65-5
10294-66-3
10380-08-2
12125-01-8
12125-02-9
12136-45-7
13597-86-9
13774-18-5
13813-62-2
16919-10-0
17735-75-0
18649-05-2
25447-33-0
28037-74-3
28537-48-6
51457-70-8
54285-90-4
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E1358, 1358-1372, E1376, 1376-1381, E1386, 1387-1391, E1442, 1443-1445
E1382, 1385, E1446, 1447

E1382, 1383-1384, E1446, 1446, 1447

E1382, 1384

1414, 1448, 1455

1368, E1382, 1385, E14406, 1443, 1458

1414, 1455

1335, 1337-1345

E1297

1299

1382

1386

1386

1366, 1369, 1370, E1386, 1387-1389, E1391, 13921397, E1415, 1416-1422, E1423, 14231437,
E1449, 1449~1451, 1455

1454

1372, 1406, E1415, 1416-1422, 1437

E1415, 1416-1422

E1354, 1355-1357

1437

E1313-1314, 1317-1324, 1325-1330, E1330, 1331-1345, E1346, 13461354, E1354, 1355-1357
E1297, 1299, 1300, E1300-1301, 1305, E1313-1314, 13171324, 1325-1330, E1330,
1331-1336, 1342-1345, E1346, 1346~1354, E1354

E1346, 1346--1354. 1355-1357

E1330, 1331-1334, 13421345

1298, E1300-1301, 1305-1306, 1308-1309, 13101313, E1358, 1358-1372, E1373, 1373-1375,
E1376, 1376-1382, E1382, 1383-1386, E1386, 1387-1391, E1391, 13921397, E1397.,
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