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FOREWORD

If the knowledge is&
undigested or simply wrong,
more is8 not better

How to communicate and disseminate numerical data effectively in chemi-
cal science and technology has been a problem of serious and growing concern
to IUPAC, the International Union of Pure and Applied Chemistry, for the
last two decades. The steadily expanding volume of numerical information,
the formulation of new interdisciplinary areas in which chemistry is a part-
ner, and the links between these and existing traditional subdisciplines in
chemistry, along with an increasing number of users, have been considered
as urgent aspects of the information problem in general, and of the numeri-
cal data problem in particular.

Among the several numerical data projects initiated and operated by
various IUPAC commissions, the Solubility Data Project is probably one of
the most ambitious ones. It is concerned with preparing a comprehensive
critical compilation of data on solubilities in all physical systems, of
gases, liouids and solids. Both the basic and applied branches of almost
all scientific disciplines require a knowledge of solubilities as a function
of solvent, temperature and pressure. Solubility data are basic to the
fundamental understanding of processes relevant to agronomy, biology, chem-
istry, geology and oceanography, medicine and pharmacology, and metallurgy
and materials science. Knowledge of solubility is very frequently of great
importance to such diverse practical applications as drug dosage and drug
solubility in biological fluids, anesthesiology, corrosion by dissolution
of metals, properties of glasses, ceramics, concretes and coatings, phase
relations in the formation of minerals and alloys, the deposits of minerals
and radiocactive fission produces from ocean waters, the composition of
ground waters, and the requirements of oxygen and other gases in life sup-
port systems.

The widespread relevance of solubility data to many branches and dis-
ciplines of science, medicine, technology and engineering, and the difficul-
ty of recovering solubility data from the literature, lead to the prolifera-
tion of published data in an ever increasing number of scientific and tech-
nical primary sources, The sheer volume of data has overcome the capacity
of the classical secondary and tertiary services to respond effectively.

While the proportion of secondary services of the review article type
is generally increasing due to the rapid growth of all forms of primary
literature, the review articles become more limited in scope, more special-
ized. The disturbing phenomenon is that in some disciplines, certainly in
chemistry, authors are reluctant to treat even those limited-in~scope re-
views exhaustively. There is a trend to preselect the literature, sometimes
under the pretext of reducing it to manageable size. The crucial problem
with such preselection ~ as far as numerical data are concerned - is that
there is no indication as to whether the material was excluded by design or
by a less than thorough literature search. We are equally concerned that
most current secondary sources, critical in character as they may be, give
scant attention to numerical data.

On the other hand, tertiary sources - handbooks, reference books, and
other tabulated and graphical compilations - as they exist today, are com-
prehensive but, as a rule, uncritical. They usually attempt to cover whole
disciplines, thus obviously are superficial in treatment. Since they com-
mand a wide market, we believe that their service to advancement of science
is at least questionable. Additionalyy, the change which is taking place
in the generation of new and diversified numerical data, and the rate at
which this is done, is not reflected in an increased third-level service.
The emergence of new tertiary literature sources does not parallel the
shift that has occurred in the primary literature.

With the status of current secondary and tertiary services being as
Priefly stated above, the innovative approach of the Solubility Data Project
1s that its compilation and critical evaluation work involve consolidation
and reprocessing services when both activities are based on intellectual and
scholarly reworking of information from primary sources. It comprises com-
pact compilation, rationalization and simplification, and the fitting of
isolated numerical data into a critically evaluated general framework.
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The Solubility Data Project has developed a mechanism which involves a
number of innovations in exploiting the literature fully, and which contains
new elements of a more imaginative approach for transfer of reliable infor-
mation from primary to secondary/tertiary sources. The fundamental trend of
the Solubility Data Project is toward integration of secondary and tertiary
services with the objective of producing in-depth critical analysis and
evaluation which are characteristic to secondary services, in a scope as
broad as conventional tertiary services.

Fundamental to the philosophy of the project is the recognition that
the basic element of strength is the active participation of career scien-
tists in it. Consolidating primary data, producing a truly critically-eval-
uated set of numerical data, and synthesizing data in a meaningful relation-
ship are demands considered worthy of the efforts of top scientists. Career
scientists, who themselves contribute to science by their involvement in
active scientific research, are the backbone of the project. The scholarly
work is commissioned to recognized authorities, involving a process of care-~
ful selection in the best tradition of IUPAC. This selection in turn is
the key to the quality of the output. These top €xperts are expected to
view their specific topics dispassionately, paying equal attention to their
own contributions and to those of their peers. They digest literature data
into a coherent story by weeding out what is wrong from what is believed to
be right. To fulfill this task, the evaluator must cover qll relevant open
literature. No reference is excluded by design and every effort is made to
detect every bit of relevant primary source. Poor gqualiry or wrong data
are mentioned and explicitly disqualified as such. In fact, it is only when
the reliable data are presented alongside the unreliable data that proper
justice can be done. The user is bound to have incomparably more confidence
in a succinct evaluative commentary and a comprehensive review with a com-
plete bibliography to both good and poor data.

It is the standard practice that any given solute-solvent system con-
sists of two essential parts: I. Critical Evaluation and Recommended
Values, and II. Compiled Data Sheets.

The Critical Evaluation part gives the following information:

(i) a verbal text of evaluation which discusses the numerical solubili-
ty information appearing in the primary sources located in the literature.
The evaluation text concerns primarily the quality of data after considera-
tion of the purity of the materials and their characterization, the experi-
mental method employed and the uncertainties in control of physical para-
meters, the reproducibility of the data, the agreement of the worker's
results on accepted test systems with standard values, and finally, the fit-
ting of data, with suitable statistical tests, to mathematical functions;

(ii) a set of recommended numerical data. Whenever possible, the set
of recommended data includes weighted average and standard deviations, and
a set of smoothing equations derived from the experimental data endorsed by
the evaluator;

(111i) a graphical plot of recommended data.

The compilation part consists of data sheets of the best experimental
data in the primary literature. Generally speaking, such independent data
sheets are given only to the best and endorsed data covering the known
range of experimental parameters. Data sheets based on primary sources
where the data are of a lower precision are given only when no better data
are available. Experimental data with a precision poorer than considered
acceptable are reproduced in the form of data sheets when they are the only
known data for a particular system. Such data are considered to be still
suitable for some applications, and their presence in the compilation should
alert researchers to areas that need more work.

The typical data sheet carries the following information:

(1) components - definition of the system - their names, formulas and
Chemical Abstracts registry numbers;

(ii) reference to the primary source where the numerical information is
reported., In cases when the primary source is a less common periodical or a
report document, published though of limited availability, abstract referen-
ces are also given;

(iii) eyxperimental variables;

(iv) identification of the compiler:;

(v) experimental values as they appear in the primary source. When-
ever available, the data may be given both in tabular and graphical form.

If auxiliary information is avialable, the experimental data are converted
also to SI units by the compiler.

SO




Under the general heading of Auxiliary Information, the essential ex-
perimental details are summarized:

(vi) experimental method used for the generation of data;

(vii) type of apparatus and procedure employed;

(viii) source and purity of materials;

(ix) estimated error;

(x) references relevant to the generation of experimental data as cited

in the primary source.

This new approach to numerical data presentation, developed during our
four years of existence, has been strongly influenced by the diversity of
background of those whom we are supposed to serve. We thus deemed it right
to preface the evaluation/compilation sheets in each volume with a detailed
discussion of the principles of the accurate determination of relevant
solubility data and related thermodynamic information.

Finally, the role of education is more than corollary to the efforts
we are seeking. The scientific standards advocated here are necessary to
strengthen science and technology, and should be regarded as a major effort
in the training and formation of the next generation of scientists and
engineers. Specifically, we believe that there is going to be an impact of
our project on scientific-communication practices. The quality of consoli-
dation adopted by this program offers down-to-earth guidelines, concrete
examples which are bound to make primary publication services more respon-
sive than ever before to the needs of users. The self-regulatory message
to scientists of 15 years ago to refrain from unnecessary publication has
not achieved much. The literature is still, in 1978, cluttered with poor-
quality articles. The Weinberg report (in "Reader in Science Information",
Eds. J. Sherrod and A. Hodina, Microcard Editions Books, Indian Head, Inc.,
1973, p. 292) states that "admonition to authors to restrain themselves from
premature, unnecessary publication can have little effect unless the climate
of the entire technical and scholarly community encourages restraint..."
We think that projects of this kind translate the climate into operational
terms by exerting pressure on authors to avoid submitting low-grade material.
The type of our output, we hope, will encourage attention to quality as
authors will increasingly realize that their work will not be suited for
permanent retrievability unless it meets the standards adopted in this pro-
ject. It should help to dispel confusion in the minds of many authors of
what represents a permanently useful bit of information of an archival value,

and what does not.

If we succeed in that aim, even partially, we have then done our share
in protecting the scientific community from unwanted and irrelevant, wrong
numerical information.

A. S. Kertes

December, 1978
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PREFACE TO THE VOLUME

The uninegative ions CN , OCN , SCN , SeCN , and N3 have historically been
referred to as pseudohalides. This term was introduced by Birckenbach and
Kellermann (Ber. 1925, 58B, 786; 58B, 2377) who discovered similarities in
chemical behavior between the pseudohalides and halides. In addition

to the above pseudohalides, this volume includes solubility data for the
silver salts of the related ions cyanamide (CN2 ), dicyanamide (N(CN)3),

and methyl tricyanamide (C(CN)3). Pseudohalldes not included in this

volume because of the absence from the literature of solubility data for
their silver salts are: tellurocyanate (TeCN~), isocyanate (ONC<), and
azidothiocarbonate (SCSN3). Silver halides (except AgF) and pseudohalides
are characterized by their low intrinsic solubilities and a tendency to dis-
solve in solutions containing excess anion. With the exception of AgCN, the
tendency to dissolve by the formation of complex ions is markedly dependent
upon the nature of the solvent. Ag(CN) "I complexes (particularly for

n = 2) are highly stable in all solvents whereas the analogous complexes
for the remaining pseudohalides are generally less stable in protic solvents
than in aprotic solvents. Because of the influence of complex ion formation
on the solubility of these silver salts, the evaluator has presented detail-
ed analyses of the comolex solubilities for those cases where sufficient
data exist.

Owing to the very low solubility of silver halides and pseudohalides, their
solubilities are conveniently described in terms of appropriate equilibrium
constants. Concentration equilibrium constants can be used to calculate
thermodynamic equilibrium constants since activity coefficients can readily
be calculated in dilute solutions.

The most common mechanism for the dissolution of a silver pseudohalide, AgX,
is by the formation of mononuclear complexes according to

Agx(s) + (n-1)x~ % agx} ™" K, [1]

where Kgp is the solubility formation constant. For example, taking n = 0,
1, 2 eg ?l] can, respectively, be written as
Agx(s) < agt + x~ L [2]
AgX(s) < AgX(aq) Ko1 [3]
- -

AgX(s) + X < AgX, Ko [4]
In several solvents included in this volume, Kg; values have generally been
found to be small ( < 10~7 mol kg'l) The presence of AgX in solution is,

however, not always negligible since its concentration may be comparable to
ithe concentrations of all other mononuclear complexes depending upon the
magnitudes of Kgp and Kg2. For the case where Kgy << 1 and no added salts
kre present, the solubility of AgX is given by

1/2
Ag s0 + Ksl [5]

hnd for typical values of 1072 to 1071® mo1 kg~ “1 for K o+ the concentration
hf soluble AgX may be highly significant. 1In those soivents where Kgy > 1,
the equilibrium between solid and solution can also be expressed by

C ~ K

2agX ¢ Agt + AgX) [6a]

g [6a ] may be written in the equivalent form (consistent with the older
literature)

Ag (AgXp) (s) < ag’ + Agx,

o differentiate between the solubility products for reactions [2] and [6],
the following definitions are used throughout this volume:

[6b]

K o (AgX) = [agt10x™] (71
and

Kgo (A9Ag (X)) = [ag'1lagx]] [8]

where the brackets, [ ], signify concentrations.




Additional equilibrium constants which are useful in treating the solubility
of AgX in terms of mononuclear complexes are the overall formation or
stability constants B, and the stepwise formation constants K,. These
equilibrium constants are defined by the following general reactions:

Aagt + nx~ 2 Agxx];_n B, fo]
and
agkl™ 4 x7 ¥ agx") K .1 [10]
The above formation constants and solubility products are related by
Kyo(AgX) = {K_, (Aghg(X),)/8,}%/? [11]
B, = KiKyeuonnnnn K [12]
B, = K p/Kgq (AGX) [13]
Ko = K o (RgX) KiKy..... K [14]
Kn © Ksn/Ks(n 1) [15]

Polynuclear complexes are not common in dilute solutions containing excess
salt, but can form in concentrated Agt or X~ solutions: thus

mag’t + nx~ ¥ Agmxﬂ'n B [16]

Mixed-ligand complexes are also of importance under certain conditions:

+ - vo— , ym-n-n'
mAg + nX + n'y <« (AngnYn ) ann'

[17]
Species Y may be neutral such as in the complex Ag(NH3) (SCN).

Although no definitions were given to specify the effect of using activities
or concentrations in the above equilibrium constants, extreme care is taken
in the texts to insure that all equilibrium constants are properly defined.
Thermodynamic equilibrium constants are denoted by a superscript, e.g. Kgo,
whereas concentration equilibrium constants are denoted simply by Kgg. The
evaluator has converted all appropriate quantities to S.I. units in the
critical evaluations. In the descriptions of experimental methods and
source and purity of materials in the compilations, the compilers have, for
the most part, retained the units employed in the original investigations:
e.g. m for mol kg~l and M for mol dm~3. When possible the solubility data
tabulated in the compilations have been converted to S.I. units.

Associates and members of IUPAC Subcommittee V.6.1 are gratefully acknow-
ledged for their many valuable suggestions. In particular, I would like

to acknowledge the inputs of H.L. Clever, R. Cohen-Adad, C. Kalidas,

A.S. Kertes, K. Loening, J.W. Lorimer, Y. Marcus, G.H. Nancollas, and H.
Ohtaki. I would also like to thank in advance those readers who, in future,
point out to me any errors in the compilations and evaluations, and any
literature which may have been overlooked.

Fair Haven, New Jersey, December 1978 Mark Salomon
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INTRODUCTION TO THE SERIES ON
SOLUBILITY OF SOLIDS IN LIQUIDS

Natunre of the Projfect

The Solubility Data Project (SDP) has as its aim a comprehensive search
of the literature for solubilities of gases, liquids, and solids in liquids
or solids. Data of suitable precision are compiled on data sheets in a
utniform format. The data for each system are evaluated, and where data from
different sources agree sufficiently, recommended values are proposed. The
evaluation sheets, recommended values, and compiled data sheets are publish-
ed on consecutive pages.

This series of volumes includes solubilities of solids of all types in
liquids of all types.

Definitions

A mixiune (1,2) describes a gaseous, liquid, or solid phase containing
more than one substance, when the substances are all treated in the same
way .

A sofution (1,2) describes a liquid or solid phase containing more than
one substance, when for convenience one of the substances, which is called
the so0fvent and may itself be a mixture, is treated differently than the
other substances, which are called scfutes. If the sum of the mole
fractions of the solutes is small compared to unity, the solution is called
a dilute solution. .

The s0lubifity of a substance B is the relative proportion of B (or a
substance related chemically to B) in a mixture which is saturated with
respect to solid B at a specified temperature and pressure. Saturated
implies the existence of equilibrium with respect to the processes of
dissolution and precipitation; the equilibrium may be stable or metastable.
The solubility of a metastable substance is usually greater than that of
the corresponding stable substance. (Strictly speaking, it is the activity
of the metastable substance that is greater.) Care must be taken to
distinguish true metastability from supersaturation, where equilibrium does
not exist.

Either point of view, mixture or solution, may be taken in describing
solubility. The two points of view find their expression in the gquantities
used as measures of solubility and in the reference states used for defini-
tion of activities and activity coefficients.

The gqualifying phrase "substance related chemically to B" requires
comment. The composition of the saturated mixture (or solution) can be
described in terms of any suitable set of thermodynamic components. Thus,
the solubility of a salt hydrate in water is usually given as the relative
proportion of anhydrous salt in solution, rather than the relative
proportions of hydrated salt and water.

Quantities Used as Measunes o4 Solubility
1. Mofe fraction of substance B, Xps

n; (1)

o]
]
j=]
w
~
N ~a

where nj is the amount of substance of substance i, and ¢ is the number of
distinct substances present (often the number of thermodynamic components
in the system). Mofe per cent of B is 100 xg.

2. Mass fraction of substance B, wg:

w. = m'B/_E m'i (2)
i=1

where m'j is the mass of substance i. Mass per cent of B is 100 wg. The
equivalent terms weight fraction and weight per cent are not used.

3. Solute mole (mass) fraction of solute B (3,4):
cl cl
Xg g = nB/ii1 n, = XB/iEl Xy (3)

where the summation is over the solutes only. For the solvent A, Xs,A = ¥a-
These quantities are called Jinecke mofe {mass) fractions in many papers.
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4. Molatlity of solute B (1,2) in a solvent A:

= 1 . -1
m, = nB/nA MA SI base units: mol kg (4)

where Mp is the molar mass of the solvent.
5. Concentration of solute B (1,2) in a solution of volume V:

cg = [Bl = np/v SI base units: mol m™? (5)
The terms molarity and molar are not used.

Mole and mass fractions are appropriate to either the mixture or the
solution points of view. The other guantities are appropriate to the
solution point of view only. 1In addition of these quantities, the follow-
ing are useful in conversions between concentrations and other quantities.

6. Density: p = m/V SI base units: kg m~?® (6)

7. Refative density: d; the ratio of the density of a mixture to the density
of a reference substance under conditions which must be specified for both
(1). The symbol dt, will be used for the density of a mixture at t°C, 1
atm divided by the density of water at t'°C, 1 atm,

Other quantities will be defined in the prefaces to individual volumes
or on specific data sheets.

Theamodynamecs of Solubality

The principal aims of the Solubility Data Project are the tabulation and
evaluation of: (a) solubilities as defined above; (b) the nature of the
saturating solid phase. Thermodynamic analysis of solubility phenomena has
two aims: (a) to provide a rational basis for the construction of functions
to represent solubility data; (b) to enable thermodynamic quantities to be
extracted from solubility data. Both these aims are difficult to achieve
in many cases because of a lack of experimental or theoretical information
concerning activity coefficients. Where thermodynamic quantities can be
found, they are not evaluated critically, since this task would involve
critical evaluation of a large body of data that is not directly relevant
to solubility. The following discussion is an outline of the principal
thermodynamic relations encountered in discussions of solubility. For more
extensive discussions and references, see books on thermodynamics, e.g.,
(5-10) .

Activaty Coefficients (1)
(a) Mtxtures. The activity coefficient fg of a substance B is given by

RT Qn(foB) = * (7)

g ~ Hp
where up is the chemical potential, and ug* is the chemical potential of
pure B at the same temperature and pressure. For any substance B in the

mixture,

f£im £ = 1 (8)

xB+l B

(b) Solutions.

(i) Solute substance, B. The molal activity coefficient yg is given
by
RT #n(ygmg) = wp = (g - RT &n my) (9)
where the superscript © indicates an infinitely dilute solution. For any
solute B,
s
Activity coefficients yp connected with concentration cp, and fyx,p (called

the national activaty coeffscient) connected with mole fraction Xpg are
defined in analogous ways. The relations among them are (1,9):

= 1 (10)

Yg = VA*(l - gcs)yB (11)

fox,B
or
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= - *
fx,B (1 + My gms)yB Va yB/Vm (12)

or

= * = *

Yy (VA + MAgmsVs)yB/VA mex,B/vA (13)
where the summations are over all solutes, Vp* is the molar volume of the
pure solvent, Vi is the partial molar volume of substance i, and Vm is the
molar volume of the solution.

For an electrolyte solute B = C,;Ay-, the molal activity is replaced by
(9)

V_ V.V
Yy = Y, Mg Q (14)
where v = vy + v, Q = (v+v+v_v')1/v, and Y+ is the mean ionic molal
activity coefficient. A similar relation holds for the concentration
activity ypcp. For the mol fractional activity,

v v
_ + ~ vV, v

x,B % = V& V- £,0%, (15)
The quantities x4 and x_ are the ionic mole fractions (9), which for a
single solute are

f

x, = v+xB/[1+(v—l)xB]; X_ = v_xB/[1+(v—l)xB] (16)

(ii) Solvent, A:
The osmotdic coefficeent, ¢ , of a solvent substance A is defined as (1):
= Ko
¢ (up*=up) /RT My éms (17)

where uyp* is the chemical potential of the pure solvent.
The rational osmotec coefficient, ¢y, is defined as (1):
- * =
¢ (uA Ma )/RTILnxA ¢MA2ms/2n(l + MAims) (18)
The activity, ap, or the activity coefficient fp is often used for the
solvent rather than the osmotic coefficient. The activity coefficient is
defined relative to pure A, just as for a mixture.

X

The Liquid Phase

A general thermodynamic differential equation which gives solubility as
a function of temperature, pressure and composition can be derived. The
approach is that of Kirkwood and Oppenheim (7). Consider a solid mixture
containing c' thermodynamic components i. The Gibbs-Duhem equation for
this mixture is:
cl
z xi'(si'dT - v,'dp + dui) = 0 (19)
i=1
A liquid mixture in equilibrium with this solid phase contains c thermo-
dynamic components i, where, usually, ¢ > c¢'. The Gibbs-Duhem equation for
the liquid mixture is:

C (o]
L %;(5,dT - V,dp + duy) + I x;(8,dT - v.dp + du;) = 0 (20)
i=1 i=c'+1

Eliminate du, by multiplying (19) by x,; and (20) x;'. After some algebra,
and use of:

c
dui = E Gijdxj - SidT + Vidp (21)
9=2
where (7)
Gij = w30 p oy wx, (22)
1 ]
it is found that
c' ¢ c c
I L (xy'-x,xl/x))G .dx. - (x1'/x1) £ I x,G,.dx,
i=2 j=2 . im 1] J i=c'+1 j=2 113 ]
c! c!
= I %/ '(H;-H ")AT/T - I x,'(V;-V,')dp (23)
i=1 1 i1 j=1 1 i1
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where

- ] = - ]
N Hi Hi T(Si Si ) (24)
is the enthalpy of transfer of component i from the solid to the liquid
phase, at a given temperature, pressure and composition, and Hj, Si, Vi are
the partial molar enthalpy, entropy, and volume of component i. Several
special cases (all with pressure held constant) will be considered. Other
cases will appear in individual evaluations.
{a) Sotfubility as a function of temperature.

Consider a binary solid compound ApnB in a single solvent A. There is no
fundamental thermodynamic distinction between a binary compound of A and B
which dissociates completely or partially on melting and a solid mixture of
A and B; the binary compound can be regarded as a solid mixture of constant
composition. Thus, with ¢ =2, ¢' =1, Xp' = n/(n+l), xg' = 1/(n+l), eqgn
(23) becomes

alnfB

—_ 2
(l/xB—n/xA){l+(§TE§E)T P}de = (nH,+H - HAB)dT)RT (25)

where the mole fractional activity coefficient has been introduced. If the
mixture is a non-electrolyte, and the activity coefficients are given by
the expression for a simple mixture (6):

— 2
RT n fB = WX, (26)
then it can be shown that, if w is independent of temperature, egn (25) can
be integrated (cf. (5), Chap. XXIII, sect. 5). The enthalpy term becomes

nH, + H_ -H¥ = AH

- * - *
At Hp~Hzg + n(Hp-Hy¥) + (Hp=Hp¥)

AB

= AH, _ + w{nx,2+x_2) (27)

AB B A
where AHpp is the enthalpy of melting and dissociation of one mole of pure
solid ApB, and Ha*, Hp* are the molar enthalpies of pure liquid A and B.
The differential equation becomes

24nx_*?
n _ 1 *a B
R & Rn{xB(l xB) } = -AHAB d(f) w d(——ﬁf—~——) (28)
Integration from xg,T to xg = 1/(l+n), T = T*, the melting point of the
pure binary compound, gives:
n AH¥ _~T*AC*
-x )0} = L - (BB __"py 1_1
In{xg (1-xp) "} = en{ 7T HFT}- { R Y (G - )
AC_* X, +nx
__E _ W, A B _ n
* (g - §l-tg mFD T (29)

where ACp* is the change in molar heat capacity accompanying fusion plus
decomposition of the compound at temperature T*, (assumed here to be
independent of temperature and composition), and AHXp is the corresponding
change in enthalpy at T = T*. Equation (29) has the general form

in{xg (1~x5) "} = A1 + A2/T 4 AsnT + Ay (x,2+nx,*) /T (30)
If the solid contains only component B, n = 0 in egn (29) and (30).

If the infinite dilution standard state is used in egn (25), eqn (26)
becomes

- 2_
RT &n fx,B = w(xA 1) (31)
and (27) becomes
- = * ® _q% _ = *© -
nHA + HB HAB (nHA +HB HAB) + n(HA H )+(HB HB ) AHAB + w(nxB 1)
(32)

where the first term, AH:B, is the enthalpy of melting and dissociation of
solid compodnd ApB to the infinitely dilute state of solute B in solvent

A; HB is the partial molar enthalpy of the solute at infinite dilution.
Clearly, the_integral of egn (25) will have the same form as eqn (29), with

?HAB(T ), AC (T*) replacing AHXp and ACp* and x,°-1 replacing xa’ in the
ast term.
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If the liquid phase is an aqueous electrolyte solution, and the solid is
a salt hydrate, the above treatment needs slight modification. Using
rational mean activity coefficients, egn (25) becomes

Rv(l/xB—n/xA){1+(alnfi/alnxt)T’P}de/{l+(v-l)xB}
= {AHAB

If the terms involving activity coefficients and partial molar enthalpies
are negligible, then integration gives (cf. (11)):

+ n(H,-H,*) + (HB-H;)}d(l/T) (33)

Vg n 0 k) -k * (34)

1+(\)-l)xB n+v} = n{ (n+\)l;n+\)} -1 } (T - ',f*)+ —REQJI(T/T*)

n{ R

A similar equation (with v=2 and without the heat capacity terms) has been
used to fit solubility data for some MOH=H,0 systems, where M is an alkali
metal; the enthalpy values obtained agreed well with known values (11). ]
In many cases, data on activity coefficients (9) and partial molal enthalpi-
es (8,10) in concentrated solution indicate that the terms involving these
guantities are not negligible, although they may remain roughly constant
along the solubility temperature curve.

The above analysis shows clearly that a rational thermodynamic basis
exists for functional representation of solubility-temperature curves in
two-component systems, but may be difficult to apply because of lack of
experimental or theoretical knowledge of activity coefficients and partial
molar enthalpies. Other phenomena which are related ultimately to the
stoichiometric activity coefficients and which complicate interpretation
include ion pairing, formation of complex ions, and hydrolysis. Similar
considerations hold for the variation of solubility with pressure, except
that the effects are relatively smaller at the pressures used in many
investigations of solubility (5).

(b) Sotubifity as a function of composition.

At constant temperature and pressure, the chemical potential of a saturating
solid phase is constant:

Wi = ¥Ma p(slm) = nu, + ug (35)
n n
= * 4 “+ ® RT &nf
= (nuf + vu +v u_ ) +n nf,x,
+ VRT &ny,m.Q_ (36)

for a salt hydrate A,B which dissociates to water, (A), and a salt, B, one
mole of which ionizes to give v+ cations and v. anions in a solution in
which other substances (ionized or not) may be present. If the saturated
solution is sufficiently dilute, f5 = %z = 1, and the quantity Kgo in

<«

= *® ® L *
AG = (v+u+ +V_W_ +nuA Hap )

- - [}
= RT 2n Kso

v, v_
= ~RT &n va+vm++m_ (37)

is called the solubifity product of the salt. (It should be noted that it
is not customary to extend this definition to hydrated salts, but there is
no reason why they should be excluded.) Values of the solubility product
are often given on mole fraction or concentration scales. In dilute
solutions, the theoretical behaviour of the activity coefficients as a
function of ionic strength is often sufficiently well known that reliable
extrapolations to infinite dilution can be made, and values of K°° can be
determined. In more concentrated solutions, the same problems with activity
coefficients that were outlined in the section on variation of solubility
with temperature still occur. If these complications do not arise, the
Solubility of a hydrate salt C, A, °nH,0 in the presence of other solutes
is given by egn (36) as + -

v Rn{mB/mB(O)} = -vln{Yi/Yi(O)} -n ln(aﬂzo/aﬂzo(o)) (38)

where ay,0 is the activity of water in the saturated solution, my is the

molality of the salt in the saturated solution, and (0) indicates absence
of other solutes. Similar considerations hold for non-electrolytes.




The Sofid Phase

The definition of solubility permits the occurrence of a single solid
phase which may be a pure anhydrous compound, a salt hydrate, a non-
stoichiometric compound, or a solid mixture (or solid solution, or "mixed
crystals”), and may be stable or metastable. As well, any number of solid
phases consistent with the requirements of the phase rule may be present.
Metastable solid phases are of widespread occurrence, and may appear as
polymorphic (or allotropic) forms or crystal solvates whose rate of
transition to more stable forms is very slow. Surface heterogeneity may
also give rise to metastability, either when one solid precipitates on the
surface of another, or if the size of the solid particles is sufficiently
small that surface effects become important. In either case, the solid is
not in stable equilibrium with the solution. The stability of a solid may
also be affected by the atmosphere in which the system is equilibrated.

Many of these phenomena require very careful, and often prolonged,
equilibration for their investigation and elimination. A very general
analytical method, the "wet residues" method of Schreinemakers (12) (see
a text on physical chemistry) is usually used to investigate the composition
of solid phases in equilibrium with salt solutions. In principle, the same
method can be used with systems of other types. Many other techniques for
examination of solids, in particular X-ray, optical, and thermal analysis
methods, are used in conjunction with chemical analyses (including the wet
residues method) .

COMPILATIONS AND EVALUATIONS

The formats for the compilations and critical evaluations have been
standardized for all volumes. A brief description of the data sheets has
been given in the FOREWORD; additional explanation is given below.

Guide to the CompilLations

The format used for the compilations is, for the most part, self-
explanatory. The details presented below are those which are not found in
the FOREWORD or which are not self-evident.

Components. Each component is listed according to IUPAC name, formula,
and Chemical Abstracts (CA) Registry Number. The formula is given either
in terms of the IUPAC or Hill (13) system and the choice of formula is
governed by what is usual for most current users: i.e. IUPAC for inorganic
compounds, and Hill system for organic compounds. Components are ordered
according to:

(a) saturating components;

(b) non-saturating components in alphanumerical order;

(c) solvents in alphanumerical order.

The saturating components are arranged in order according to a 18-column,
2-row periodic table:

Columns 1,2: H, groups IA, IIA;

3,12: transition elements (groups IIIB to VIIB, group VIII,
groups IB, IIB);
13-18: groups IIIA-VIIA, noble gases.

Row 1: Ce to Lu;

Row 2: Th to the end of the known elements, in order of atomic number.
Salt hydrates are generally not considered to be saturating components since
most solubilities are expressed in terms of the anhydrous salt. The exist-
ence of hydrates or solvates is carefully noted in the texts, and CA
Registry Numbers are given where available, usually in the critical
evaluation. Mineralogical names are also quoted, along with their CA
Registry Numbers, again usually in the critical evaluation.

Oniginal Measunements., References are abbreviated in the forms given by
Chemical Abstrnacts Senvice Sounce Index (CASSI). Names originally in other
than Roman alphabets are given as transliterated by Chemical Abstracts.

Expenimental Values. 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.
Both mass and molar values are given. Usually, only one type of value (e.q.,
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 1976 atomic weights (14). Errors in calculations and fitting
equations in original papers have been noted and corrected, by computer
calculatibns where necessary.

Method. Sounce and Purdity of Matencals. Abbreviations used in Chemicaf
Abstracts are often used here to save space.

Estimated Ennon. If these data were omitted by the original authors, and
if relevant information is available, the compilers have attempted to
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estimate errors from the internal consistency of data and type of apparatus
used. Methods used by the compilers for estimating and reporting errors are
based on the papers by Ku and Eisenhart (15).

Comments and/on 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.

Refenences. See the above description for Original Measurements.

Guide to the Evaluations

The evaluator's task is to check whether the compiled data are correct,
to assess the reliability and quality of the data, to estimate errors where
necessary, and to recommend "best" values. The evaluation takes the form
of a summary in which all the data supplied by the compiler have been
critically reviewed. A brief description of the evaluation sheets is given
below.

Components. See the description for the Compilations.

Evaluator. Name and date up to which the literature was checked.
Cratical Evaluation

(a) Critical text. The evaluator produces text evaluating aff the
published data for each given system. Thus, in this section the evaluator
review the merits or shortcomings of the various data. Only published data
are considered; even published data can be considered only if the
experimental data permit an assessment of reliability.

(b) Fitting equations. If the use of a smoothing equation is justifiable,
the evaluator may provide an equation representing the solubility as a
function of the variables reported on all the compilation sheets.

(c) Graphical summary. In addition to (b) above, graphical summaries
are often given.

(d) Recommended values. Data are hecommended 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 evaluator considers
some aspect of the computational or experimental method as mildly
undesirable but estimates that it should cause only minor errors. Data are
considered as doubtfuf if the evaluator considers some aspect of the
computational or experimental method as undesirable but still considers the
data to have some value in those instances where the order of magnitude of
the solubility is needed. Data determined by an inadequate method or under
ill-defined conditions are rejected. However references to these data are
included in the evaluation together with a comment by the evaluator as to
the reason for their rejection.

(e) References. All pertinent references are given here. References to
those data which, by virtue of their poor precision, have been rejected and
not compiled are also listed in this section.

(f) Units. While the original data may be reported in the units used by
the investigators, the final recommended values are reported in S.I. units
(1,16) when the data can be accurately converted.
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COMPONENTS : EVALUATOR:
(1) Ssilver azide; AgNj; Mark Salomon, U.S. Army Electronics
[13863-88-2] Command, Fort Monmouth, NJ, U.S.A.

(2) Water; H,0; [7732-18-5] June 1978

CRITICAL EVALUATION:

Papers dealing with the solubility of AgN3 in aqueous solutions can be divi-
ded into three groups: those which report direct determinations of the
solubility (1,2), those utilizing e.m.f. measurements (1,3,4), and those in
which the standard potential of the Agq,AgN3 electrode has been determined
(5-7).

Solubility Measurements

Leden and Schddn (1) carried out detailed measurements on the solubility of
AgN3 in NaN3 solutions in which the total silver concentration, cAii was de-
termined by titration with standard NaBr, by radiocassay involving Oarg, and
by e.m,f, measurements. All measurements were carried out at 298 K and a
constant ionic strength of 4 mol dm~3 (NaCl04 was used to adjust the ionic
strength). The data were fit graphically to

4
. -qn-1
CAg - %; Ksn[NB:| [1]
where
Re, = Kgo(AgN5) B [2]

No experimental evidence was found which suggested the presence of poly-
nuclear complexes. Using the solubility data only, the results are:

-9 .2 . -6
K,o(AgN3) = 1.61 x 1072 mol? dm
® = 3.1 x 102 mo1™! an® K, = 5.0 x 1077 mol dm™>
) 4 -2 . 6 . -5
82 = 1,6 x 10" mol dm Ksz 2.6 x 10
By = 1.5 x 10° mol”™3 am? Kgy = 1.9 x 107° mol™% am3
B, = 1.5 x 103 mo1”4 aml? K., = 2.6 x 107° mol”™2 dm®

The solubility of AgN3 in concentrated NH3 solutions was studied by
Piechowicz (2) at 293 K. A considerable amount of important information was
not reported in this work (e.g. details on analysis, and purity of
materials), and the uncertainties in the experimental values cannot be
estimated. Since Kgg and Kg, values are small, it would appear that the
solubility of AgNj3 in NHj3 soYutions can be described by

AgN4(s) + 2NH, < Ag(NH3); + NG [3]

- - - +
Cag = (N3] = [Ag(NH;) T ] [4]
E.m.f. Measurements

These measurements are based on e.m.f.'s of concentration cells. The e.m.f.
of a concentration cell with transference is given by

E = (RT/F)(1n lO)log(aAg+/a;g+) + By [s]

L}

where a,,+ is the activity of Agt in the reference solution, and Ej is the
liquid Jlnction potential. If the ionic strength is the same in bdth half
Cells, then the activity term can be replaced by a concentration term. The
liquid junction potential may however be large (1 - 10 mV) unless a neutral
salt is present in large excess compared to the concentrations of KN3 and
AgNO3, This appears to be the c¢case in the work of Riesenfeld and Milller (3)
whose value of E = 0.377 V at 291 K leads to Kgg = 3.0 x 109, The solubil-
ity which is taken as (Kgg)l/2 = 5.5 x 103 mol dm~3 is clearly in error

L
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CRITICAL EVALUATION: (continued)

since it is much too high in 0.1M NaN3 solutions (see detailed calculations
below). A value for K8, at 291K cannot be calculated from these data since
mean molar activity coe%ficients, v+, at this temperature and high ionic
strength (1 mol dm~3) are not available or calculable.

Using a potentiometric_titration technique Courtot-Coupez_and Madec (4)
determined Ky = 1083 mol2 dm~6 at 298 K in 0.01 mol dm~3 azide solution
and a constant ionic strength of 0.11 mol dm~3. To estimate Kgo the evalua-
tor has computed y, from the Davies equation (8)

1/2 1/2

log y, = -Au/" /(1 + u™/7%) + 0.3Ap [6]

For . = 0.11 and A = 0.5116 am3 mo1”! at 298.2 K, y, = 0.775 and Kgj =
Koov# = 3.0 x 1079 mol? dm=6, Considering the uncertainty in Kgg to be at
least $10%, the computed K°0 value is in acceptable agreement with the re-
commended value of 2,82 x 10-9 (see below).

The e.m.f. measurements of Leden and Schd6n in 4 mol dm~3 solutions using a
mercurous sulfate reference electrode leads to equilibrium constants slight-
ly different than those obtained from the solubility measurements. Since
the standard deviations in the equilibrium constants are larger when deter-
mined from e.m.f. data, the values obtained from the solubility measure-
ments are given preference.

Standard Electrode Potentials

Four determinations of ER(Ag,AgN3) have been reported (5 - 7, 9). A second
paper by Brouty (9) has been rejected., This paper reports measurements on
the two concentration cells

I Tl(Hg, 2 phase)/T1N,(xM)//KCl(satd)//KC1(0.1 M)/AgCl,Ag
and
II AgAgN3/T1IN,(xM)//KC1(satd)//KC1(0.1M)/AgCl,Ag

The e.m.f.'s of these two concentration cells should, when added algebraical-
ly and correcting for Ej, equal the e.m.f. of the cell

T1(Hg, 2 phase) / T1N; (xM) / AgN3,Ag [71]

The sum of the e.m.f.'s of the two concentration cells give E values for cell
[7] which differ from those values reported for direct measurements on this
cell (6). Part of the problem is due to the assumption that the liquid
junction potentials are zero in the concentration cells, but calculations
by the evaluator using the Henderson equation yield E5 values of 1 to 2 mv.
In the earlier paper (6) the standard potential for cell [7] at 298 K was
calculated incorrectly by the author, and a recalculation by the compiler
gave E°(AgN3,Ag) = 0.2934 * 0,0010 Vv (abs). This leads to a calculated value
of (2.81 * 0.13) x 10-9 mol2 dm=® for KQ,.

Taylor and Nims (5) evaluated ER(Ag,AgN3) for five temperatures between

278 and 318 K: their values appear to be too low by about 6%. The most
likely source of error is probably due to the neglect of the small liquid
junction potential: it is unlikely that the E4's in their experimental cells
are zero over the range of m = 0,01 to 0.1 m01 kg‘l. The error of * 0.08%
in K9, reported by the compiler is based on the experimental reproducibility.
An aggitional error of +0.5 mV due to the E4 would increase K2y by about 4%.

The measurements by Suzuki (5) appear to have been carried out with care
given to the purity of materials, and the evaluation of liquid junction
potentials. The standard electrode potential of the Ag,AgN3 electrode as a
function of temperature was given by the author as




COMPONENTS : EVALUATOR:

(1) Silver azide; AgN,; Mark Salomon, U,S. Army Electronics
[13863-88-2] Command, Fort Monmouth, NJ, U.S.A.

(2) Water: Hy0; [7732-18-5]

June 1978

CRITICAL EVALUATION: (continued)

EQ (AgAgN;) /V = 0.2933 - 2,75 x 107%(t-25) - 4.15 x 107 (£-25)2 [8]

The E® values were determined for five temperatures from 293 to 313 K.
Using the equation

6 +)/(RT/F)1n 10 [9]

o 2, = = o _ w0
1og(Kso/mol dm ) (EAg,AgN3 EA%Ag

the compiler calculated Kgg as a function of temperature and using the least
a

squares method, fit the da to the following equation

1og(xgo/mol2 am~®) = -3588/(T/K) + 3.481 (0 = £0.003) [10]

Recommended vValues at 298.2 K

1. Solubility product constant. Considering the excellent agreement between
the values obtained from the EO data of Brouty and Suzuki, the following
values at 298.2 K are recommended:

kOy/mo1? dam™® = (2.82 + 0.02) x 1072 [1la]

2 . (2.83 % 0.02) x 1072 [11b]

O 2, -
Kso/mol kg

The latter value was calculated from(Kgo/molzdm_s)/dg where d, is the
density of pure water at 25°C (0.99707 kg m~3).

2. Recommended standard thermodynamic functions at 298.2 K. The standard
thermodynamic functions for the reaction

AgN,(s) ¥ agh + N]

based on volume units are:

8GS, = 48,80 * 0,02 kJ mol™! [12]
M, = 69.7 * 0.6 kJ mol™t f13]
488, = 70.1 * 2.0 Jx! mor”? [14]
acg =210 * 58 gx~! mo17t [15]

The errors reported above are standard deviations (computed by the evaluator)
based on the experimental error of ¢ 0.2 mV in the EC wvalues.

.
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CRITICAL EVALUATION: {continued]

Tentative Values

1. Solubility product and thermodynamic functions at 293 - 313 K.

The tentative values are based soley on the work of Suzuki. Tentative
values for K3y are given in eq [10]. Taking AEC = ES(AgAgN3) - Eg(Ag,Ag+) ’
the evaluator used a least sqguares curve fitting technique and obtained the
following results:

AEC/V = -1.0480 + 2.910 x 10~ 3(T/K) - 3.66 x 10~ °(T/K)? [16]
262 /k3 mo1™! = 101.11 - 0.2808(T/K) + 3.53 x 107%(/K)? [17]
aHC, /K3 mol™t = 101.1 - 3.53 x 1074 (2/K) 2 [18]
Asgo/JK-l mol™l = 280.8 - 0.707(T/K) [19]
Acg/Jx'l mol™l = -0.71(T/K) [20]

The standard deviations for the least squares fit to eqs [16] and [17] are
negligible: the major error is due to the experimental reproducibility in
the measured e.m.f.'s: hence the errors in egs [17] - [20] are identical to
those given in egs [12] - [15].

2, Stability constants at 298.2 K. Since AgN3 forms mononuclear complexes
in concentrated azide solutions, the determination of the stability constantg
is important for understanding the total solubility of the salt. Values of
Kg0, Bn, and _Kgn for n = 1-4 are taken from the data of Leden and Schddn

in 4 mol dm~3 solutions. Since the mean molar activity coefficient is not
known in this highly concentrated solution, it was estimated by the compiler
from

1/2 _ 1/2

Yy = (Kgg/Kgg) (2.82/1.61)7/% = 1.33

The standard stability constant for AgN;(ag) was estimated from
o _ 2, 2
By 7 Ba¥agn,/¥:"= B1/Y, [21]

and probably represents a minimum value since yagn3 for the neutral AgNj
species is most likely greater than unity. The remaining stability constantqg
By for n 2 2, were calculated from a similar relationship:

8% = 8_/y,> [22]

Eq [22] is exact for n = 2, and very approximate for n = 3,4, It should be
pointed out the Kgy (cf eq [2] ) is identical to K@, if one assumes that the
activity coefficients for Ag(N3)3 and N§ are identical. The results of
these calculations are given below.
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experimental value standard state value
constant (y = 4 mol dm~3) (uw = 0)
10°k__ /mo12 dm™® 1.6 2.8
s0
7 -3 * %
10 K ,/mol dm 5.0 (5.1)
10%k 2.6 2.6
s2 * *
10728, /mo17! am® 3.1 (1.8)
10'4i32/mol'2 dm® 1.6 9.1
10748, /mo1™3 an’ 1.2 (0.7)
10738, /mo1™% am'? 5 (3)
10°K_/mol dm™3* 1.91

*Acid dissociation constant for HN3: value obtained from reference 10.
**Values in parenthesis are estimates.

Solubility of AgN, in Aqueous Solutions at 298.2 K

In the pure binary AgN3/H,0 system, the intrinsic solubility of AgN3, CAg'
is given by

Chg = [0"1+ L xS, iy [23]

and

Cag = N3] + [HNg] + é; nxgn[Ng] n-1 [24]

Since the solubility is very, small in the pure binary system, all activity
Eoefficients are taken as unity. Equating these equations and solving for
Agt],

2
[ag*] = kS {1 + KZ, + [u'] /K3 [25]

2 .
Elimination of [Ag+] from the above equation is accomplished with

(8] - ®,/[8"] =- [#71IN51/K3 [26]

which yields the following polynominal:

o wwow =

-~
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(1) %igggg 2zide; AgNs; Mark Salomon, U.S. Army Electronics
-88-2] Command, Fort Monmouth, NJ, U.S.A.

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

June 1978

CRITICAL EVALUATION: {continued)

+45 +44.,0 [} o 02 +43 +.2,..,0 o
[E71° + [H7] 94 {1 + Kooy = Kso/Ka }- (7] 2K, - [H"] 2xaxw{1 + Ksz}
+ (" Ik2 + k32 + KOK2(1 + 8,) = 0 [27]

Eq [27] was solved iteratively to give [Ht] = 5,14 x 1078 no1 dm—3, and

from eq [25], [Ag*] = 5.32 x 10™° mol dm~3. From eq [23]

c = [ag*t] + [AgN3] + [Ag(N3);] = [agt] + [AgN3] = 5.37 x 10 °mol~- [28]

-3

Ag
dm

Note that [AgN3] = K = 5 x 1077 which constitutes ~ 1% of the total
solubility. Consideration of Ag(N3)3 would increase Cpg by 0.01% and,
along with the higher complexes, can be neglected, If gydrolysis is
ignored,

5

c, = (K°0)1/2 + K., = 5.36 x 10”° mol dm 3 [29]

Ag s sl

Hence in the binary system, hydrolysis accounts for ~ 0.2% of the solubility
and can also be neglected.

In solutions in excess azide, activity coefficients cannot be ignored.
Combining eq [23] with

n
Cag * © = (N3] + [mn,] + X nKg, [N'3']n—l [30]
1

gives
In;1241 + x, + [BY1/K) - e[N3] - Ky = 0 [31]

In eqs [30] and [31] , ¢ is the concentration of added salt (e.g. NaN3),
and n is taken as = 1, 2 for ease of calculation. Note that concentration
equilibrium constants are now being employed. Combining eq [31] with [26]
gives

(%1% + (8714, (1 + K, + o/, - Kyo/k2) = (871 2k, - [H+]2{2KwKa
(1+ Ky, + c/2Ka% + [TK2 4 k2R (L + Ky) = 0 [32]

Assuming ¢ = 0.1 mol dm—3, and calculating y, from the Davies equation
(cf. eq [6] above), egs [32] and [31] were solved iteratively and the re=
sults are [H*] = 2,27 x 10-9 and [N3] = 0.1 mol dm~3. The solubility of
AgN3 is

= - -1 - ~7 -8 -6
Cag = [AgN;] + K o/IN3] + R,[N3] =5 x 1077 + 5 x 107" + 2.85 x 10" [33]

Ag

1

= 3,40 x 1078 mo1 am™3




COMPONENTS ; EVALUATOR:

(1) Silver azide; AgN.; .
[13863-88-2] 3 Mark Salomon, U.S. Army Electronics

Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732~18-5]

June 1978

CRITICAL EVALUATION: (continued)

AgN3 (aq) now accounts for 15% of the total solubility and the major specieg
in solution is Ag(N3)3. As c increases, the contribution of AgN3 (ag) to
the total solubility will decrease. If hydrolysis is neglected, [N3] can
be calculated directly from eq [31] yielding a value of 0.1 mol dm~3 which,
when used in eq [33] gives Cag = 3.40 x 107° mol dm~3 which is only 0.3%
higher than the value calculated above. Since hydrolysis can be neglected,
it is fairly easy to determine if the neglect of higher complexes in the
above treatment is valid. From egs [23% and [30]

4

Y-k [N31% + [N31%(1 + K ,) - ¢ [N31- kg = 0 [34]
3

Taking ¢ = 0.1 it is found that [N;] ~ 0.1 and from

Cag = [BaN;] + [ag%] + [Agiy;] + [Agwy ™1 + [Agavy 7]

7 8 6 7

=5 %107 +5x 108 + 2.85x107% + 5 x 1077 + 2 x 1078 [35]

CAg now equals 3,95 x 10~6 mol dm~3 and the higher complexes must therefore
be“considered in solutions of excess azide.

Adding NH3 in a concentration c to the binary AgN3/H0 system can also
be adequately described neglecting the hydrolysis of N3. We use eq [4]
with the following

c = [wH,] + [vuyl + 2[Ag(NH3);] [36]
x° = [a + + 2y _ 7 -2 6 [37]
N g(NH3)2]/{[Ag ][NH3] }= 1.07 x 10’ mol dm
and
KO = [NHj1[oH™1/[NH,] = 1.78 x 107> mol am™3 [38]

Values of Kg and Kg were taken from reference 11. If c > Cp,, then we can
make the assumption that [NH}] = (ch)l/2 and the NHj concenfration is
obtained from

1/2

v, 141 + 2 kD2 - ¢+ (kD)2 = 0 [39]
Taking ¢ = 0.17 mol dn™3 eq [39] gives [NH3] =0.13 and from egs [4] and [37]
[ag%] = ((xS,/[vH31% k)12 = 1.3 x 1077 ol am~3 [40]
The solubility is
Cag = N3] = K3y/[Ag™] = 2.2 x 1072 mol dm™3 [41]

. - oy v

——



COMPONENTS : EVALUATOR:

(1) Silver azide; AgN,; Mark Salomon, U.S. Army Electronics
[13863-88-2]
Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732-18-5]
June 1978

CRITICAL EVALUATION: (continued)
The experimental value (2) of Cag at 293 K in0.17 mol kg™ ' NH3 solution is

0.03 mol kg—l, The difference between the observed and calculated value
cannot be due to the neglect of Ag(N3)3 since

7 3

[Aag(3)3] = K ,KS0/[Ag™] = 4 x 107/ mol dm™

or to the fact that the calculations employ volume units whereas the exper-
imental data are based on weight units. The difference is probably due to
the neglect of the formation of soluble Ag(N )(NH3). The existence of

this type of mixed-ligand complex and evalua%ion of its formation constant
Kg111 is discussed in detail in the evaluations for the aqueous AgSCN and
AgCN systems.

REFERENCES:

1, Leden, I.;
No. 144, 3.

Schddn, N.-H. Trans Chalmers Univ. Technol. Gothenburg 1954,
2. Piechowicz, T. Bull. Soc. Chim. Fr. 1971, 1566.

3. Riesenfeld, E.H.; Miller, F., z. Elektrochem. 1935, 41, 87,

4. Courtot-Coupez, J.; Madec, C. Bull. Soc. Chim. Fr. 1971, 4621,
5. Taylor, A.C.; Nims, L.F. J. Am. Chem. Soc. 1938, 60, 262,

6. Brouty, M.-L. C.R. Acad. Sci. 1942, 214, 258.

7. Suzuki, S. J. Chem. Soc. Jpn. 1952, 73, 150.

8. Davies, C.W. Ion Association. Butterworths. London. 1962.

9. Brouty, M.-L. C.R. Acad. Sci. 1942, 214, 480.

10. Albert, A.; Serjeant, E.P, Ionization Constants of Acids and Bases.
Methuen. London. 1962.

11. Bjerrum, J. Metal Ammine Formation in Aqueous Solution, P, Haase and
Son. Copenhagen. 1941,




COMPONENTS ; ORIGINAL MEASUREMENTS:

(1) Silver azide; AgNj3; Riesenfeld, E.H,; Miller, F.
(13863-88-2] Z. Elektrochem. 1935, 41, 87-92

(2) Potassium nitrate; KNOj3; ¢ * == ! *
[7757-79-1]

(3) Sodium azide; NaNj;
[26628—22—8]
(4) Water; H,0; [7732-18-5]

VARTABLES : PREPARED BY:

One temperature: 18°c Mark Salomon

EXPERIMENTAL VALUES: The solubility was determined from the e.m.f., Ej, of
the cell

Ag,AgN;/NaN, (0.1M), KNO3(1M)//AgNO5(0.1M), KNO, (1M) /Ag [1]
Based on the experimental value of El = 0,377V at 18°C, the authors report
3 3 5 3

Cag = 8,43 x 10" gdm™° = 5,62 x 10 ° mol dm

The exact significance of this result is not clear since calculation of Cp
from (Kso)l/ is an approximation for the pure binary system: it is meaning-
less to use this approximation in solutions containing a large excess of
azide, Using the author's data, the compiler calculates

Ky (BgN;) = 3.0 x 1072 mo1? am™®

The authors also report e.m.f. measurements on the cell

Ag,AgN,/NaN,4 (1M) //KC1(0.1M) /HgaCly, Hg [2]
The e.m.f, data for this cell, Ej, are reported versus the normal hydrogen
electrode, and no reference is given as to the potentials of the 0.1 mol
dm~3 calomel versus the normal hydrogen electrode. The results are:

E, = 0.372V at 0°c¢ : E, = 0.384v at 21°%

2
Since the activity coefficients and liguid junction potentials involved in
these measurements are unknown, the compiler did not attempt to calculate
a Ks0 from these data.

#‘,

METHOD:

AUXILIARY INFORMATION

SOURCE AND PURITY OF MATERIALS:
Experimental and computational detail Ag,AgN3 electrode prepared by clean-
are not given. The [Agt] in 0.1 mol ing a 10 cm? Ag foil in concentrated
dm~3 NaNj can be calculated from aqueous NH3 followed by anodization

+ + in 1 mol dm~3 NaN3 at 2.11 mA for
log[ag™] = log[ag™], - E;/(RT/F)1n 10 16.5 h. No other details were given,

where [Ag*], is the concentration in
the AgNO3 reference solution., Taking
(RT/F)1n 10 = 0.0578 at 18°C, the
compiler calculates

[agt] = 3.0 x 1078

mol dm”>

9 mo12dm=6 | ESTIMATED ERROR:

Based on an assumed error of *1lmV

in Ej, the average error in Kgqg is
t1 x 10710 mo1l? am-6.

+ - -
Kgo = [ag ][N3] = 3,0 x 10

COMMENTS AND/OR ADDITIONAL DATA:

If an error of :lmV is assumed for Ej | REFERENCES:
then the contribution of the liquid
junction potential, Es, is negligible
Since E4j is probably iess than 0.5mvV.
The calculation of Kgg taking [Na] =
0.1 mol dm~3 implies that the
formation of complex species is
negligible,

SBs—c
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COMPONENTS ¢

(1) Silver azide; AgN3;
[13863-88-2]

(2) Sodium azide; NaNj;
[26628-22-8]

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

ORIGINAL MEASUREMENTS:
Taylor, A.C.; Nims, L.F., J. &m.

Chem. Soc. 1938, 60, 262-4.

VARIABLES:

Temperature: range 5 to 45°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES;:

The authors report the solubility for 25°¢C as

= o ,1/2 _ -5
CAg = (KSO) = 5.1 x 10

mol dm~

3

The compiler has taken the original data and calculated the solubility
product as a function of temperature using the equation

o 2 -2, _ o _ O
log(KSO/mol kg ©) = (EAg,AgN3 EAg,Ag+)F/RTln 10
£/°%c  EBQ 1, /V Eqg, agn, (abs)*/V EQ ot (abs)**/v 10°k,/mo1? kg™?
1 AgN4 g,Ag

5 0.0620 0.2960 0.8188 0.337

15 0.0657 0.2943 0,8090 0.994

25 0.0695 0.2920 0.7993 2.66

35 0.0733 0.2890 0.7894 6.54

45 0.0772 0.2855 0.7791 15.16

*Converted to absolute volts by the compiler.
**pNata from reference 1 and converted to absolute volts by the compiler.

AUXILIARY INFORMATION

METHOD:
E.m.f. measurements were made on the
cell

Ag,AgCl/NaCl(m)//NaN3(m)/AgN3,Ag

over the temperature range of 5 to 45
O©c., The symbol // represents the sat-
urated KCl salt bridge, and the
molalities varied from 0.01 to 0.1
mol/kg. The e.m.f, of this cell is
given by

- O )
Ecell ~ Fag,agn, Eag,AgCl

(RT/F) 1n (mNBYi/mClY;) + Ej

where y: is the mean molal activity
coefficient and E4 is the liquid

SOURCE AND PURITY OF MATERIALS:

Commercial NaNg3 was twice recrystal-
lized from water by adding ethanol,
redissolved, filtered through char-
coal, and recrystallized from water
using acetone. Gravimetric analysis
as NapS04 was termed "satisfactory."”
NaCl was recrystallized twice from
water, and KCl for the salt bridge
was c.p. grade. Both the Ag,AgN3 and
Ag,AgCl electrcdes were of the ther-

mal~electrolvtic type (2),

ESTIMATED ERROR:

E.m.f.'s: reproducibility
K8g: 0 =+0.08% (compiler).
Temperature: not specified.

+0.2mV.

junction potential. Seven measure-
ments (six for 5°C) at each temp show-
ed Ecell to be independent of concen-
tration to within #0.01lmV (compiler):
the reproducibility after temperature
change was within $0.2mv. All solu-
tions were made up in triplicate and
analyvsed gravimetricallv for Na as thgq

REFERENCES :

1. Owen, B.B., Brinkley, S.R. J. Am.
Chem. Soc. 1938, 60, 2233.

2, Harned, H.S. J. Am. Chemn.
1928, 51, 416,

3. Harned, H.S.; Ehlers, R.W. J. Am.
Chem. Soc. 1933, 55, 2179.

Soc.
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COMPONENTS : ORIGINAL MEASUREMENTS: ontinu

(1) Silver azide; AgN3; Taylor, A.C.; Nims (g gt J eii Chem
[13863 88- 2] ' Lo} ’ oI . . .

(2) Sodium azide; NaN,; Soc. 1938, 60, 262-4.

[26628-22-8]
(3) Water; H,0; [7732~18~5]

COMMENTS AND/OR ADDITIONAL DATA:

There is some ambiguity concerning the actual concentration units used. The
authors prepared their solutions volumetrically and report the solubility of
AgN3 in mol dm~3. On the other hand they state that the Ag electrodes were
anodlzed in 0.1 molal NaN3, use the symbol "m" for concentration, and employ
values based on molal units. It appears to this compiler that the
augﬁogs report Egell Values based on molal units.

The standard potential for the Ag,AgN3 electrode as a function of temper-
ature were fit by the authors to the following equation:

-6 2

g (25°%C) - 2.62 x 1074 (¢ - 25) - 3.13 x 107%(t - 25)

o = 1O

EAg AgN3 EAg Ag
The compiler used the least squares method to fit the K° go data to the
following equation:

-2

log(KsO/mol kg ) = - 3654/(T/K) + 3.674 (o = £ 0.007)

where o is the standard deviation for the precision of the least squares fit
(the correlation coefficient is 1,000).

Due to the observation that Ecell is independent of concentration, the
authors assume E4 = 0. This assumption is not strictly valid and it is
probable that thé liquid junction potential is around 0.2 to 0.5mV. For
E5y = 0.5mv, the Kgg values in the data table would be about 4% higher.

AUXILIARY INFORMATION

he—.

METHOD: SOURCE AND PURITY OF MATERIALS:
sulfate, and by potentiometric
titration with AgNO3 for determina-
tion of azide and chloride. Using
Published data for ERq, agc1 (3) the
Standard potentials for ghe Ag,AgN3
electrode were calculated by assuming
Ey = 0 and the ratio of concentrations
and activity coefficients equals
unity. Hence

E - RO = w0 - g©°
cell Ecell EAg ,A9N3 EAg IAgCl

The solubility product of AgNj3 was ESTIMATED ERROR:
calculated at 25°C from the relation

logKZO(AgN3) = logKgo(AgCl) +

o o
(El,‘g,mﬁ\,3 - Epg,agcy)F/RTIn 10 REFERENCES :
4, Brown, A.S.; Macinnes, D.A.
“Sing previously published data for J. Am. Chem. Soc. 1935, 57, 459.

Ko (AgC1) (4).

_
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COMPONENTS ¢

(1) Silver azide; AgNy;
[13863-88-2]

ORIGINAL MEASUREMENTS:
Brouty, M.-L. C.R. Acad.

(2) Thallium azide; T1N,; 214, 258-61.
[13847-66-01]

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

VARIABLES: PREPARED BY:

One temperature: 25%

Mark Salomon

EXPERIMENTAL VALUES:

E.m,f. measurements were made on the cell

T1l(Hg, 2 phase) / T1N3(xM) /

AgN3IAg [1]

and the experimental results along with some calculated functions are:

- 1

TIN; /mol dnm 3 Eq/V E,/V ES/V

0.0145 0.8535  0.6360 0.6272
0.0096 0.8740  0.6351 0.6279
0.0072 0.8878  0.6345 0.6278
0.0051 0.9036  0.6339*  0.6268
0.0029 0.9327  0.6329*%  0.6282
0.0023 0.9435  0.6325%  0.6275
0.0019 0.9532  0.6321*  0.6275
0.0012 0.9785  0.6314*  0.6300
0.0010 0.9878  0.6310*  0.6303

In this table Ej is the observed e.m.f
defined below,

. and the functions Ei and Ef are
To evaluate the solubility product for AgN3, the compiler

first calculated the standard potential of cell [1], Ef, and then the

standard electrode potential of the Ag

,AgN3 electrode with respect to the

standard hydrogen electrode: the compiler's results are:

= 0.2934 £ 0

o
E
Ag,AgN3

KJy(AgN;) = (2.81 * 0.13) x

.0010 V (abs)

1072 mo12 am™®

AUXILIARY INFORMATION

METHOD:
The e.m.f. of cell [1]is given by
E, = Ef - (2RT/F) (1n 10)log(Mys) [2]

where M is the molarity and y, is the
mean molar activity coefficient. With
in the framework of the 1imiting'1aw,
EQ can be obtained by plotting E;
against the_square root of the ionic
strength, w~/<, and extrapolating

to u 0: E; is defined by

E; = Ey + (2RT/F) (1n 10)log M

= [3]
The author's extrapolation gives E? =
0.6298 V(int), but inspection of the
E' terms in the above table shows that
those points marked with an asterisk
(*) were incorrectly calcd by the
author. Using the Davies equation (1)

SOURCE AND PURITY OF MATERIALS:

T1N3 prepared by pptn from a soln of
NaN3 and T1NO3, and followed by
recrystallization. Doubly distilled
water of specific conductance 1,5 x
1076 ohm~! cm~l was used. T1 amalgam
prepared by dissolving pure Tl in Hg
under a slightly acidic soln of TI1NO4
under an atmosphere of Nj;. The
Ag,AgNj3 electrodes were prepared by
the thermal-electrolvtic method.

ESTIMATED ERROR:
E.m.f.'s: #0.2 mV (author)
K°0: see compiler's calecn of the
siandard deviation above.

Temperature: not specified.

for v. .,

log y, -mt/2/(1 + ul’?) + 0.3au[4]
the compiler calculated the E? values

given in the table above using eq [2].
Since the Ef values are independent of]

REFERENCES :
1. Davies, C.W. Ion Association.

Butterworths. London., 1962.
Cowperthwaite, I.A.; La Mer, V.K.j
Barksdale, J. J. Am, Chem. Soc.
1934, 56, 544.

Owen, B.B.; Brinkley, S.R.
chem, Soc. 1938, 60, 2223,

2.

3. J. Am.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver azide; AgN,4;
[13863-88-2] Brouty, M.-L. C.R. Acad. Sci. 1942,

(2) Thallium azide; T1N3;
[13847-66-0]
(3) Water; H,0; [7732-18-5]

214, 258-61.

COMMENTS AND/OR ADDITIONAL DATA:
There are two problems agsociated with the author's evalgation of EE. First
the computed values of E; from eq [3] are in error as pointed out above: the
original incorrect valueS are presented in the data table above. _The
correct values of Ei exhibit no dependence on concentration, and it was for
this reason that thé compiler used equations [2], [4], [5], and [6? to re-
evaluate the original data. In addition to computing incorrect Ej} values,
Brouty plots this variable against ul/2 which is valid within the framework

of the Debye-Hiickel limiting law, but she takes u = 2M which is clearly in
error.

AUXILIARY INFORMATION

Pe——

METHOD:

concentration, the compiler has
taken the average final value

SOURCE AND PURITY OF MATERIALS:

EJ = 0.6296 + 0.0010 V = 0.6298 V
(abs)

The standard potential of the Ag,AgNjy
electrode is given by

o) = w0 _ p© 5
Fag,agn, T F1 7 Fri,mi* (sl
and finally
o _ ;0 _o0 ESTIMATED ERROR:
log Koo (AgNg) = (EAq'AgN3 EAg,Ag+)/

(RT/F)1n 10 [6]

Values of E81 71t and Egg,A + taken
from referencés 2 and 3 and converted | REFERENCES:
to absolute volts by the compiler
are, respectively, =0.3364 V and
0.7993 v.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Silver azide; AgN3; Suzuki, S. J. Chem. Soc. Jpn. 1952,
[13863-88~2] 73, 150-3

(2) Potassium azide; KNj; ’ y
[20762-60-1]

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

VARIABLES : PREPARED BY:

Temperature: range of 20-40° Hitoshi Ohtaki and Mark Salomon

EXPERIMENTAL VALUES: The author reports a value of 2.88 x 10-9 moll dm~6 for

the solubility product at 250C,

Using the author's e.m.f. data, the com-

pilers have recalculated Kgo as a function of temp using the equation

o _ o _ 0
log KsO (EAg,AgN3 EAg,Ag+)F/RT In 10

o o] * o * o *% 9.0 2 -6
t/C Ece11/V EAg’AgN3/V* EAg,Ag+/V* 10”Kgy/mol” dm

20 0.0687 0.2947 0.8042 1.75

25 0.0706 0.2934 0.7992 2,82

30 0.0724 0.2919 0.7942 4.50

35 0.0741 0.2902 0.7891 7.00

40 0.0760 0.2883 0.7840 10.68

* Uncorrected for liqg junction potential (E;

= 0.0003 V at all temps).

** Corrected for Ey and converted to absolute volts by the compilers.
*** prom (1) and converted to abs volts and molar units by the compilers.

The compilers have fit the data for lochs)0 by least squares to

log (K2, /mo1? am™®)

- 3588 /(T/K) + 3.481

(o +0.003)

where o is the standard deviation of the precision of the least squares fit,
and the correlation coefficient for this fit is 1.0000. Converting the above

Kgg to molal units (K/molZkg—2

K/mol12dm~6 /3% where dg

density of water),

the compilers arrived at the following relation:

log(Kgo/molz kg™%) = - 3612/(T/K) + 3

.564 (o +0,003)

AUXILIARY INFORMATION

METHOD:

E.m.f. measurements were made on the
cell

Ag,AgCl/KCl(0.05M)//KN3(0.05M)/—

A9N3IA9
The e.m.f. of this cell is given by

_ .0 _ =0
Ece11 = EAg,AgN3 EAg,AgCl

-(RT/F)In{[N;] v,/[c1 1.} + Ey
Es was calcd from the Henderson egn
ahd equals 0.0003V for all temps, and
the logrithmic term is assumed to
equal unity since the concentrations
in both sides of the cell are identi-

o i
cal. EAg,AgN3 was given by

= - 4 - -
Eg ,A N3 0.2933-2.75x10" " (t=25)

4.15 x 107°(£-25)2

Eg AgC values as a function of temp
efe o%tained from_the work of
Harned and Ehler (2)

SQURCE AND PUR OF IALS:
KN3 prepareéT%rom and HN3 and

purified by the method of Dennis and
Benedict (3). HN3 was prepared by
addition of dilute H2SO4 to NaNj3.
Both electrodes were of the thermal-
electrolytic type.

ESTIMATED ERROR:

E.m.f. stable to *0.2mv for several
days, but varied in duplicate runs by
+2mv. Stnd deviation in K2 based on
this latter error is +0.8% (compilers)

REFERENCES :

l. Owen, B.B.; Brinkley, S.R. J. Am.
Chem., Soc. 1938, 60, 2233,

2. Harned, H.S.; Ehler, R.W., J. Am.
Chem. Soc. 1933, 55, 2174,

3. Dennis, L.M.; Benedict, C.H. J. 3m
Chem. Soc. 1898, 20, 225,
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COMPONENTS :

(1) Silver azide;
[13863-88-2]
Sodium azide; NaN3;
[26628-22-~8]

Sodium perchlorate; NaClOy,;

AgN3;
(2)
(3)

ORIGINAL MEASUREMENTS:
Leden, I.; Schddn, N.-H. Trans.

Chalmers Univ. Technol, Gothenburg

1954, No. 144, 3-17.

[7601-89-0]
(4) Water; H,0; [7732-18-5]
VARIABLES :

Concentration of NaN3 at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: Two experimental tech
25.00°C. In one method the soly of AgN
Cag/mol dm—3, was directly determined
given in Table 1. A second e.m.f. meth
ity product as a function of NaN3 conc
in Table 2. The ionic strength of all
with NaCloyg.

nigques were used at a reported temp of
reported as the total silver content
n excess NaN3 solns: the results are

od was used to determine the solubil-

entration, and the results are given
solns were maintained at 4 mol dm~3

25.00°9C by rotation of NaNj3(xM),
NaCl0y4 (4-x)M and excess of solid AgN3.
Equil attained in< 1 week ascertained
by duplicate analysis after 4 and 7
days. Satd solns separated from excesg
solid by thermostatic filtration and
analysed for total_Ag, Cags by two
methods. For LNaN3J] >0.1 mol dm~3
NaCN was added to aliquots of the fild
trate and Ag electrodeposited on a Pt
rod: the Ag was dissolved in HNOj3,

TABLE 1. Solubility of AgNj TABLE 2. Kgo as a function of [NaN;3] in
in excess azide solns 4M solns. *variation in EC due
at an ionic strength to use of different Ag,Agl
of 4M, electrodes.

**points used to calc average Kgg.
-3 6

N -

[Nan,1/mol am 107Cpq [NaN,]/mol dm 6 E /v  ES/V* 109Kso
4.0 1600 4.0 0.4565 =-0.0828 3.0
3.2 900 3.2 0.4505 -0.,0828 3.1
2.0 250 2,0 0.4397 -0.0829 2.9
5. 52 1.0 0.4336 -0.0816 2.0
0‘3 11.5 0.2 0.3914 -0.0829 1.9%*
0'2 7’2 0.01 0.3090 -0.0823 2.4
0.16 55 0.001 0.2587 -0.0823 1,7**

. . - * %
0.1 3.2 0 0.1793 0.0828 1.4
0.038 1.0
0.01 0.8
0.003 1.0
0,001 1.9
40,2
AUXILIARY INFORMATION
METHOD: SOURCE_AND PURITY_ O TERIALS ;
Solns were prepared isothermally at NaCf04 (& sni €RY "EYRE were filter

ed and tested for Cl™ : solns were
analysed by converting to HClO4 with
Ht ion exchange resin and titrating
with NaOH. NaN3 (Merck, puriss) solns
filtered and analysed by the Mohr
method. AgCl04 prepared by pptn of
the oxide from AgNO3 solns followed
by dissolution in HC1lO4. AgN3 was
pptd from solns of NaN3 and AgClO4.
For the radiochemical experiments,
AgN3 was pptd from a soln of NaN3 and

buffered with CH3COONa, and Agt tit-
rated potentiometrically with 0.01
mol dm~3 Nabr. Limit of detection of
CAg by this method was about 10=6mol/
dm3, For [NaN3] < 0.1 mol dm~3,

ESTIMATED ERROR:
Solubility: nothing specified.

aliquots of the filtrate _were added
to a soln of 0.1 mol dm=3 AgNO3 with
2xcess NaCN and Cpg determined by
radioassay (110ag). In another set
of experiments the satd solns were
analysed by e.m.f. measurements and
the soly product determined in a
series of solns of varying [NaN3].
The cells studied were

Kgo: 0 = *13%(authors): #25%
(compiler)
Temperature: * 0.02°C
REFERENCES ;
1. Brown, A.S. J. Am. Chem. Soc.

1934, 56, 646.

S
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C(zulP)ongmis: ides AGN ORIGINAL MEASUREMENTS: (continued)

ilver azide; AgN,; . e _

[13863-88-2] 3 Leden, I.; Schodon, N.,-H. Trans,
(2) Sodium azide; NaN3; Chalmers Univ. Technol Gothenburg

[26628—22-8]

(3) Sodium perchlorate; NaClO4;
[7601—89-0]

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

1954, No. 144, 3-17.

COMMENTS AND/OR ADDITIONAL DATA:
In 4 mol dm"3 soln the soly of AgN4 in excess NaN3 given by
3

Cag ~ E% k,[N31" . [5]

where k; is the stepwise formation constant for the reactions

AgNy(s) + nN3 = Ag(N3)]0. [6]

The relation between the k;'s and the overall formation constants, B_, is
]

n
n - KsOBn+l (7]

The data in Table 1 were analysed graphically and the resulting Bn values
are given in Table 3 below (note k-3 = Kgp). From the e.m.f. measurements
the constants Kgg, 83 and B4 were evaluated (the latter two bg a graphical
method) . The authors report a value of Kgg = (1.6 * 0.2) x 1072 mol/dm3
from the data in Table 2, but the compiler calculates a value of (1.7 % 0.3)
x 109 from these data.

k

TABLE 3 Equilibrium constants obtained from solubility data_and e.m.f.
measurements (ionic strength is constant at 4 mol/dm

9 -2 -4 ~4 -3
method 10 Kso 10 Bl 10 32 10 83 10 34
soly 1.61%0.2 3.1+0.6 1.6x0.3 1.5+0.5 5+1
e.am.f, 1,6720,.3** 0.8+0.5 4.7+1
* Units are Kg0 = molZ/dm® ; Bn are mol-n dm3N

s% raled by compiler as discussed above: author's value is (1.6:0.2) x 1079

AUXILIARY INFORMATION

METHOD: -n SOURCE AND PURITY OF MATERIALS:
Ag(N3)1+n NaClO4(4M) ?1503 containing a small amount of
- Ag. Ag,AgBr and Ag,AgI electrodes
Ag,AgN3 NaN3(xM) ngsoq(satd) prepared as in reference 1. The
method of preparation of the

NaCl0, (4-x)M Ag,AgN; electrode is not given.

Hg,S0,,Hg [1]
and
AgClO, (xM) | INac1o4 (4M) |

Ag,Agl Hg,50, (satd)

NaClO4(4—X)M

H92504,Hg [2]

The e.m.f. of cell [1] is given by ESTIMATED ERROR:

E, = E° - (RT/F)1n [ag™] (3]

where E° is determined from e.m.f.

measurements on cell [2] and the soly|[REFERENCES
product calcplated from

Kgq = [agh] [N3] [4]




17

COMPONENTS :

(1) Silver azide; AgN5;
[13863-88-2]

(2) Ammonia; NHg;
[7664-41-7]

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

_—

ORIGINAL MEASUREMENTS:
Piechowicz, T. Bull. Soc. Chim. Fr.

1971, 1566-7.

VARIABLES:

Concentration of NH3 at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The authors reported composition in weight % and were converted to mol/kg
by the compiler. All solutions are saturated with AgN,.

[u,]/we Cag/Wt ® [NH41/mol kg™t Cpg/mol kg1
0.28 0.37 0.17 0.03
1.25 2.08 0.76 0.144
1.28 2.16 0.78 0.149
1.79 3.14 1.11 0.220
3.15 6.56 2.05 0.485
3.54 7.42 2.33 0.556
3.74 7.94 2.49 0.600
5.61 13.08 4.05 1.073
5.67 13.03 4.10 1.069
6.64 16.55 5.08 1.437
9.91 29.84 9.66 3.304

10.93 35.69 12.02 4.461
12.24 44.29 16.53 6.797

|

AUXILIARY INFORMATION

METHOD:

Solutions were prepared isothermally
at 200C by agitating a soln of excess
AgN3. A sealed 3-neck flask was used
for the studies, and the pressure
within the flask was maintained at
atmospheric pressure (1,2). When
equilibrium was attained (no details
given), an aliquot for analysis was
filtered through a cotton filter in-
to a tared pipet which was provided
with two stopcocks. The soln was
weighed and analysed for silver by
Eitration with NH4SCN, and for NHj3 by
distillation and titration" (no
further detalls were given, but the
compiler assumes that the distillate
was titrated with stnd acid).
Analysis of the solid phase {(no
details given) showed it to be AgN;.

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

ESTIMATED ERROR:
Temperature:

Nothing else

+ 0,05°%

specified.

REFERENCES :

1. Schutze,
Chim. Acta

2. Guyer, A.;
Chim., Acta
28, 401,

.; Piechowicz, T. Helv.
1943, 26, 242,
Piechowicz, T. Helv.
1944, 27, 858: 1945,
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COMPONENTS :

(1) Silver azide; AgN3; [13863-88-2]

(2) Tetraethylammonium azide;
(CoHg) 4NN3; [993-20-4]

(3) Tetraethylammonium perchlorate;
(C2Hg) 4NC104; [2567-83-1]

(4) Dimethyl sulfoxide; CsHgOS;
[67-68-5]

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

ORIGINAL MEASUREMENTS:

Courtot-Coupez, J.; Madec, C.
Chim, 1971, 4621-5.

Bull.,

Soc. Fr.

VARIABLES:

Composition of solvent at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Composition of the solvent is given in
(Xpmso) -

Temperature is 25°C and units of Kgp are molz/dms, and de/mol2 for BRs.

mole fraction of dimeghyl sulfoxide

The ionic strength is constant at about 0.1 mol/dm3.

XpMSO -log KsO(AgN3) log 62

0 8.3

0.05 8.1

0.1 7.9

0.2 7.6

0.3 7.4

0.4 7.2

0.6 6.9

0.8 6.7 6.8

0.9 6.9 7

0.95 7.1 7.4
AUXILIARY INFORMATION

METHOD:

The soly products and stability consts
were calcd from potentiometric titrn
Hata using the cell

Ag/Et4NN3(xM), Et4NClO4(0.lM)/ref

w here Et
dectrode is

C2Hg and the reference

Ag/AgClO4(0.OlM), Et4NClo4(0.1M)/f-

Et,NC10,4(0.1M)//

0.1M AgCl04 was titrated into the XM
azide soln at 25°C. Et4NC1l04 was used
to maintain the ionic strength at a
about 0.1 mol/dm3.

SOURCE AND PURITY OF MATERIALS:

Doubly distilled water and pharmaceu-
tical grade (CH3)2SO were mixed prior
to use. (CpHg)4NN3 was prepared by
mixing (C2Hg)4Cl and NaN3 in absolute
ethanol. The salt was recrystallized
from alcohol and dried under vacuum
at room temp. (CyHg)4Cl04 was re-
crystallized, and BDH AgCl04 was

used as received.

ESTIMATED ERROR:

Nothing specified, but precision in
the equilibrium constants is probably
about +0.l1 log units (compiler).

REFERENCES:
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COMPONENTS :
(1) Silver azide;: AgN,; [13863-88-2]

(2) Pyridine; C.H

575
[7732-18-5]

N; [l10-86-1]

(3) Water; H,O;

2

ORIGINAL MEASUREMENTS:
Piechowicz, T. Bull.

1971, 1566-7.

Soc. Chim., Fr.

VARIABLES:

Solvent composition at 20 and 60°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

the soly of AgN, to mol/kg.

o

The authors reported the compositions in weight %.

The compiler converted

Solutions were prepared isothermally
by agitating a soln containing an
excess AgN3 in a sealed 3-necked flask.
Atmospheric pressure was maintained
in the flask (1,2). When equilibrium
was attained (no details given), an
aliquot for analysis was filtered
through a cotton filter into a tared
pipet which was provided with two
stopcocks. The soln was weighed and
analysed for silver by titration with
NH4SCN, The weight of the solvent

t/°c [H,0]/wt 3 [cgHNI/wt & Cpg/vit ® Cpg/moL kg~1
20 0.0 66.8 33.2 3.32
20 2.2 70.9 26.9 2.46
20 8.1 75.6 16.3 1.30
20 24.7 69.0 6.3 0.45
20 49.7 48.5 1.8 0.12
60 0.0 76.5 23.5 2.05
60 2.4 78.3 19.3 1.60
60 8.5 78.7 12.8 1.00
60 24.8 69.0 6.2 0.44
60 49.6 48.4 2.0 0.14
AUXILIARY INFORMATION
METHOD

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

was determined by difference. The
water content was determined prior to
the addition of AgN3 by a Karl
Fischer titration. Analysis of the
solid phase (no details given) showed
it to be AgN,.

ESTIMATED ERROR:
Temperature: iO.OSOC.

Nothing else was specified.

REFERENCES :

1. Schutze, H.; Piechowicz, T. Helv.
Chim. Acta 1943, 26, 242,

2. Guyer, A.; Piechowicz, T. Helv.
Chim. Acta 1944, 27, 858: 1945,
28, 401.




20

COMPONENTS :

(1) silver azide; AgN3; [13863-88-2]

ORLGINAL MEASUREMENTS:

(2) Tetraethylammonium azi?e; Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
(C2H5)4NN3; [993—20—4

(3) Tetraethylammonium nitrate; Parker, A.J. J. Am. Chem. Soc.
(CoHs) 4yNNO3; [1941-26-0] 1967, 89, 3703-12,

(4) Acetonitrile; CpH3N; [75-05-8]

VARIABLES: PREPARED BY:

One temperature: 25%%¢ Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at 0.05 mol/dm3

log K_,(AgN,) = =9.6 . K_.(AgN.) = 2.5 x 10710 mo12/am®
g Rgo'hd¥3 . : Rgolhdis .

AUXILIARY INFORMATION

METHOD:

The soly product was determined from
potentiometric titrn data using the
cell

Ag/Et NN, (0.05M) //AgNO4 (0.014M) /Ag

where Et = C2Hs and // is a salt bridge
of satd tetraethylammonium picrate.
0.05M AgNOj3 was titrated into the
azide soln which was exposed to the
atmosphere. The cell was thermo-
stated at 259 and magnetically
stirred during the titration.

SOURCE AND PURITY OF MATERIALS:

Acetonitrile was purified by a con-
ventional method (1). Analar grade
AgNO3 and NaNj3 were used as received.
Tetraethylammonium azide was pre-
pared from the bromide and NaN3,
recrystallized from an organic sol-
vent, washed with ether, and dried
in vacuo at 20-80°C.

COMMENTS AND/OR ADDITIONAL DATA:

The titration curve was not sharply
defined. Ppts appeared after 10-20%
of the theoretical amount of AgNOj

was added. A well defined inflection

ESTIMATED ERROR:

Nothing specified, but precision in
log Kgp is probably about +0.1 log
units.

point was obtained at the end point,
but very small inflections were
noticed in the region of 10-25%
titration. The curves were treated as
though Ag(N3)3 was not present.

REFERENCES :

1, Coetzee, J.F.; Cunningham, G.P.;
McGuire, D.K.; Padmanabhau, G.R.
Anal. Chem. 1962, 34, 1139.
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COMPONENTS :
(1) silver azide; AgN3; [13863-88-2]

ORIGINAL MEASUREMENTS:

One temperature: 25°C

(2) Sodium azide; NaN3; [26628-22-8] Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
(3) Sodium nitrate; NaNO3; [7631-99-4] Parker, A.J. J. Am. Chem. Soc.
(4) Dimethylacetamide; C4HgNO; 1967, &9, 3703-12
[127—19—5]
VARIABLES :

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Th? ionic strength is constant at 0.01
azide was determined to be governed by

3

mol/dm The soly of AgN3 in excess
the following reactions:

The soly products and stability
const were determined potentiometric
titrn data using the cell

Ag/NaN, (0.01M) //AgNO, (0,02M) /Ag

where // is a salt bridge composed of
a satd soln of tetraethyammonium
picrate. 0,01M AgNO3 was titrated
into the azide soln which was exposed
to the atmosphere. The cell was ther-
mostated at 25°C and stirred magnet-
ically during tne titration. The
titration showed two well-defined
plateaus from which the constants
and Kgn(Ag Ag(N3))) were calcd.

The soly product for AgN; was calcd
from

By

+ - _ -10 2 6
289N, (s) Zagt o+ Ag(N,), Koo (Ag Ag(N5),) = 4.0 x 10 mol“/dm
- + - -11 2,.. 6
AgN3(s) < Ag + N3 KsO(AgN3) = 1.6 x 10 mol®/dm
agt o+ Ny ¥ oagmy); B, = 1.6x 1012 am®/mo12
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

Dimethylacetamide was dried with
type 4A molecular sieves, and
fractionated twice under a reduced
pressure of dry Nj;. Analar grade
AgNO4 and NaN; were used as received.

ESTIMATED ERROR:

Nothing specified, but precision in
the equilibrium constants is
probably < +10%.

1/2

Ko (AON3) = (K (Ag Ag(N3),)/8,}

REFERENCES :
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COMPONENTS ¢

(1) silver azide; AgN;; [13863-88-2]
(2) Sodium azide; NaN3; [26628-22~8]
(3) Sodium nitrate; NaNO3;

ORIGINAL MEASUREMENTS:

Alexander, R,; Ko, E.C.F.;

Mac, Y,D.; Parker, A.J. J. Am. Chem.

One temperature: 25%

[7631-99-4] Soc. 1967, 89, 3703-12,
(4) Dimethylformamide; C3H7NO;
[68—12-2]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at 0.01 mol/dm3.
in excess azide was determined to be governed by the following reactions:

The solubility of AgN4

The soly products and stability const
were determined from potentiometric
titrn data using the cell

Ag/NaN; (0,01M) //AgNO,4 (0.024M) /Ag

where // is a salt bridge containing
a satd soln of tetraethylammonium
picrate. 0.01M AgNO3 was titrated
into the azide soln which was
exposed to the atmosphere. The cell
was thermostated at 25°C and stirred
magnetically during the titration.,
The titration showed two well-defined
plateaus from which the constants B,
and Kgg (Ag Ag(N3),) were calcd. The
soly product for AgN3 was calcd from

Kgo (BaN3) = Ky (AgAg(N,) ) /8,}1/2

> + - N -11 2,..6
2AgN3(s) < Ag + Ag(N3)2 Kso(Ag Ag(N3)2) = 7.9 x 10 mol“/dm
AgN;(s) ¥ agh + N3 Ko (AgNy) = 1.0 x 107 mo1?/an®
agh + Wy T agny); P, = 7.9 x 10 am®/mo1?
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

Dimethylformamide was dried with
type 4A molecular sieves, and
fractionated twice under a reduced
pressure of dry Nj;. Analar grade
AgNO, and NaN, were used as received,

ESTIMATED ERROR:

Nothing specified, but precision in

the equilibrium constant is probably
< *10%,

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) silver azide; AgNj;; [13863-88-2] | Mark Salomon, U.S. Army Electronics
(2) Tetraethylammonium nitrate; Command, Fort Monmouth, NJ, U.S.A.

(C2Hg) 4NNO3; [1941-26-0]
(3) Tetraethylammonium perchlorate;
(C2Hs) 4NCl04; [2567-83-1]

(4) Dimethyl_sulfoxide; C5HgSO;
_____551:58291 276mT

March 1978

CRITICAL EVALUATION:

The determination of the soly product KSQ(AgN3) and the stability constant
82 for the reactions

> +
AgN3(s) < Ag + N3 Kso(AgN3)

agt + 287 T ag(n

3 32 B2

has been reported by Parker et. al. (1) and L'Her et. al. (2). Both sets of
results were carried out in dimethyl sulfoxide solns of constant ionic
strength, u. Parker's work involves tetraethylammonium nitrate as the inert
electrolyte, and his results are (298 K)

Kso(AgN3) = 3.2 x 10"7 mol2 dm"6 (u = 0.05 mol dm-3

)

7 2 6

B, = 1.0 x 10’ mol™ “ dm
Using tetraethylammonium perchlorate (0.1M soln) as the inert electrolyte,

L'Her's results are (295 K)

8 3

mol2am™® (v = 0.11 mol dm”
6

KSO(AgN3) = 3,2 x 10
8

)

2 dm

By = 1.0 x 10° mol~
Correcting these equilibrium constants for activity effects using the
equations

o _ 2 o _ 2

Ko™ Kgp yi and B, 82/yi
Causes a greater divergence between the two sets of data, and the nature of
this difference therefore lies elsewhere. In the above equations, ys is
the mean molar activity coefficient which can be calculated from various
forms of the Debye-Hiickel equation.

According to L'Her the N3 ion is a weak base in dimethyl sulfoxide and the
Stability of the complexes are therefore a function of the acidity of the
medium, L'Her has shown (in the same paper) that the weak base CH3CO0™ in
dimethylsulfoxide is greatly effected by the nature of the supporting
electrolyte (LiCl04 compared to (CoHs) 4NC104)): i.e. the strong acid Lit
acts to increase Kgy and decrease Bz. Both Parker and L'Her were careful
to eliminate acidic impurities in the solvent, and since the only acids
Present in both sets of experiments were Agt and (C2H5)4N+, the reason for
the differences in their results must again lie elsewhere. It is doubtful
that the differences are due to computational methods since they were
Similar and should not therefore diverge to such a large extent. The fact
that the temperatures are different does not explain the differences in the
two results unless L'Her's work involves a much lower temperature than that
assumed by the compiler,

In summary it appears to this evaluator that one set of data cannot be
Yecommended over another at the time of this writing,
REFERENCES :

l. Alexander, R.; Ko, E.C.F.; Mac, Y.C.; Parker, A.J. J. am. Chem. Soc.
1967, 89, 3703.

2. Le Démézet, M.; Madec, D.; L'Her, M. Bull. Soc. Chim. Fr. 1970, 365,

_
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COMPONENTS : - ] ORIGINAL MEASUREMENTS:
(1) Silver azide; AgN3; [13863-88-2
(2) Tetraethylammonium azide; Alexander, R,; Ko, E.C.F.; Mac, Y.C.:;
(CoH5) 4NN3; [993-20-4] Parker, A.J. J. Am. Chem. Soc.
(3) Tetraethylammonium nitrate; _
(CoHg) gNNO3; [1941-26-0] 1967, 89, 3703-12.
(4) bDimethyl sulfoxide; CoHgOS;
[67-68-5]
VARIABLES: PREPARED BY:
One temperature: 25% Mark Salomon

EXPERIMENTAL VALUES:
3

The ionic strength is constant at 0.05 mol dm ~; temperature is 25°¢.
1 = = . -7 2 -6
og KSO(AgN3) = =-6.5 ; Koo (AgN3) = 3.2 x 10 mol® dm
. 6.2 - -7 mo12 am-6
log KSO(AgAg(N3)2) = -6.2; KSO(AgAg(N3)2 6.3 x 10 mol® dm

The titration curve showed two well-defined plateaus corresponding to

7 2 6

agt + any < Ag(N3)) B, = 1.0 x 10’ mol™“ dm

- - *
Ag+ + Ag(N4), be 2BgN4 (s) K=1,6 x 10% mo17? am®

The soly product of AgN3, KSO(AgN3), is then obtained from

log KSO(AgN3) = =-1/2 log(KBZ)

*Note: K = [KSO(AgAg(N3)2)]—1

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

The soly product and related equil- Dimethyl sulfoxide was dried with
ibrium constants were determined from| No. 4A molecular sieves and fraction-
potentiometric titration data. E.m.f| ated twice under a reduced pressure
measurements were made on the cell of dry Np. Analar grade AgNO3 and
NaN3 were used as received. EtyNNjy
Ag/Et4NN3 (O.OSM)//AgNO3 (0.01M) /Ag was prepd from the bromide and NaN3,
recrystallized from an organic
where Et = C3Hg and // is a salt solvent, washed with ether, and
bridge containing satd tetraethyl- dried in vacuum at 20 - 80°©C.
ammonium picrate. A 0.05M AgNO3 soln
was titrated into the azide soln
which was exposed to the atmosphere.
The cell was thermostated and magnet-
ically stirred during the titration. |ESTIMATED ERROR:

Nothing specified, but precision in
equilibrium constants is probably
+0.1 log units.

REFERENCES :
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COMPONENTS :

(1) Silver azide; AgN3; [13863-88~2]
(2) Tetraethylammonium azide;

(CHg) yNN3;  [993-20-4]
(3) Tetraethylammonium perchlorate;
(CoHg) 4yNCl0oyg4; [2567-83-1]
(4) Dimethyl sulfoxide; CHgOS;
[67-68-5]

ORIGINAL MEASUREMENTS:
Le Démézet, M.; Madec, C,; L'Her, M.

Bull, Soc. Chim. Fr. 1970, 365-9.

VARIABLES:
One temperature; probably 22°%

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

about 22°C,

.
’

log KsO(AgN3T = =7.5

previous paper.

(1)

agh + 283 2 Ag(N;) )

log(Bz/molm2 dm6) =8.0

The ionic strength is constant at 0.1l mol dm_3, and the temperature is

KsO

Nowhere in the paper do the authors state the exXperimental temperature.
Since they use a factor of 0.058 in the Nernst equation, the compiler
assumes that this corresponds to room temp (22°C) as described in a
The factor 2,3RT/F
use their experimental value (1) of the Nernst slope.
is about 0.11 mol dm—3, and the uncertainty is due to the uncertainty in
the concentration of the AgCl0, titrant (a 0.05M soln was used in ref 1).

The authors were also able to characterize the following equilibrium:

(AgN;) = 3.2 x 107° mo1? am”®

0.0586 at 22°C whereas the authors
The ionic strength

AUXILIARY

INFORMATION

METHOD:

The soly product and stability const-
ant were calcd from potentiometric
titration data obtained from the cell

Ag/Et4NN3(O.01M), Et4NC104(0.1M)//-

Lic1l(0.1M), AgCl;(0.00lM)/Ag

where Et CoHg. The azide soln was
titrated with AgCl0, soln probably at
about 22°C, The equilibrium

constants were calcd from various

SOURCE AND PURITY OF MATERIALS:

Commercial EtygyNC104, Et4NCl, KN3,
and (CH3) S0 were used, but no
details on purification are given.
Et4NN3 was prepared by dissolving
KN3 and Et4NC1l in absolute alcohol
and separating the resulting soln
from the insoluble KCl, It is
likely that all reagents were puri-
fied as described in reference 1,

sections of the titration curve.

ESTIMATED ERROR:
Nothing specified, but precision in
equilibrium constants is probably
+0.1 log units.

REFERENCES :

J.; L'Her, M.
Bull. Soc. Chim. Fr. 1969, 675.

1. Courtot-Coupez,
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COMPONENTS :

(1) Silver azide; AgN3; [13863-88-2]
(2) Sodium azide; NaN3; [26628-22-8]
(3) Sodium nitrate; NaNO3; [7631-99-4]
(4) Tetraethylammonium azide;

(CpHg) gNN3; [993-20-4]
(5) Tetraethylammonium nitrate;
(CHg) 4NNO4; [1941-26-0]
6) Formamide; CH3NO; [75-12-7]

ORIGINAL MEASUREMENTS:

Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
Parker, A.J. J. Am. Chem. Soc. 1969,
89, 3703-12.

VARIABLES :

One temperature: 25%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
The ionic strength was varied from 0.

log KSO(AgN3) = =7.7 ;

KsO

05 - 0.1 mol/dm>

8

(AgNg) = 2.0 x 107 mo12/dm®

AUXILIARY

INFORMATION

METHOD:

The soly product was calcd from poten-
tiometric titration data using the
cell

Ag/MNB/(xM)//AgNO3(O.OlM)/Ag

where // is a satd tetraethylammonium
picrate salt bridge, and MN3 is either
tetraethylammonium=- or sodium azide.
0.05 or 0.1M AgNO3 was titrated into
0.05 or 0.1M azide soln which was
exposed to the atmosphere. The cell
was thermostated at 25°C and stirred

magnetically during the titration.

COMMENTS AND/OR ADDITIONAL DATA:

The titration curves showed only one
inflection point indicating that the
formation of Ag(N3)3 is negligible
under the deqcribed experimental
conditions.

SOURCE AND PURITY OF MATERIALS:

Formamide was dried with type 4A
molecular sieves, and fractionated
twice under a reduced pressure of
dry Np. Analar grade AgNO3; and NaNj
were used as received. Tetraethyl-
ammonium azide was prepared from

the bromide and NaNj, recrystallized
from an organic solvent, washed
with ether, and dried in vacuo at
20-80°c.

ESTIMATED ERROR:

Nothing is specified, but precision
in log Kgg is probably about 0.1
log units.

REFERENCES:
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COMPONENTS ;
(1) Silver azide; AgNj3; [13863-88-2]
(2) Sodium azide; NaN3; [26628-22-8]

ORIGINAL MEASUREMENTS:
Alexander, R.; Ko, E.C.F.;

(3) ?odium nitrate; NaNOj3; Mac, Y.C.; Parker, A.J. J. Am.
7631-99-4] -
(4) Hexamethylphosphorotriamide; Chem. Soc. 1967, 89, 3703-12.
CgH, gN4OP; [680-31-9]
VARIABLES ;

One temperature: 25°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

-+
S

+ -
2AgN3(s) Ag  + Ag(N3)2

+ -
AgN, (s) < A9 + Nj

Agh + 283 ¥ Ag(N4);

The ionic strength is constant at 0,05 mol/dm3.
in excess azide was determined to be governed by the following reactions:

Kso(AgAg(N3)2)

The solubility of AgNj3

6 6

= 2,0 x 107° mo1? /dm

9

- - 2 6
Kso(AgN3) = 2,8 x 10 mol® /dm

X 10ll dm6 /mol2

AUXILIARY INFORMATION

METHOD:

The soly products and stability const
Were determined from potentiometric
titration data using the cell

Ag/NaN3(0.05M)//AgNo3(0.01M)/Ag

where // is a salt bridge containing
a8 satd soln of tetraethylammonium
Plcrate. 0,05M AgNO3 was titrated
into the azide soln which was
eéxposed to the atmosphere. The cell
Was thermostated at 250C and stirred

magnetically during the titration,
The titration curve showed two well-
defined plateaus from which the con-
Stants B, and Kgg(AgAg(N3)2) were

caled. The soly product” for AgN3 was
caled from

Kgo(BgN3) = (K, (AgAg (Ny) ) /8,1 /2

L

SOURCE AND PURITY OF MATERIALS:
Hexamethylphosphorotriamide was
dried with type 4A molecular sieves,
and fractionated twice under a
reduced pressure of dry Np. Analar
grade AgNO3 and NaN3 were used as
received.

ESTIMATED ERROR:

Nothing specified, but precision in
the equilibrium constants is
probably < +10%.

REFERENCES :
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(1) Silver azide; AgN3; [13863-88-2]
(2) Sodium azide; NaN3; [26628-22-8]
(3) Sodium nitrate; NaNO3;

COMPONENTS : ORIGINAL MEASUREMENTS:

Alexander, R.; Ko, E.C.F.;
Mac, Y.C.; Parker, A.J. J. Am.

One temperature: 25°%¢

[7631-99~4] Chem. Soc, 1967, g9, 3703-12.
(4) Tetraethylammonium nitrate;

(CpHg) 4yNNO5; [1941-26-0]
(5) Methanol; CH40; [67-56-1]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at 0.0l mol/dm

log KsO(AgN3) = ~11.2 : L

3

12

o(AgN3) = 6.3 x'107% mo1?/an®

AUXILIARY INFORMATION

METHOD:

The soly product was caled from po-
tentiometric titrn data using the cell

Ag/MNy (0.01M) //AgNO, (0.0062M) /Ag

where // is a satd tetraethylammonium
picrate salt bridge, and MN3 is either
tetraethylammonium- or sodium azide.
0.01M AgNO3 was titrated into the
azide soln which was exposed to the
atmosphere, The cell was thermostat-
ed at 259C and magnetically stirred
during the titration.

COMMENTS AND/OR ADDITIONAL DATA:

The titration curve showed only one
inflection indicating that the for-
mation of Ag(N3)3 is insignificant
under the described experimental
conditions. '

SOURCE AND PURITY OF MATERIALS:

Methanol was purified as described
elsewhere (1l). Analar grade NaNj

and AgNO3 were used as received.
Tetraethylammonium azide was pre-
pared from the bromide and NaNj,
recrystallized from an organic
solvent, washed with ether and dried
in vacuo at 20-80°C.

ESTIMATED ERROR:
Nothing specified, but precision in
log KsO probably ~ +0.1 log units,

REFERENCES :

1. Clare, B.W.; Cook, D.; Ko, E.C.F.;
Mac, Y.C.; Parker, A.J. J. am.
Chem, Soc. 1966, 88, 1911,
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COMPONENTS :
(1) silver azide; AgN,; [13863~88~2]

(2) Pyridine; CgHgN; [110-86-1]

ORIGINAL MEASUREMENTS:
Piechowicz, T. Bull. Soc.
1971, 1566~7.

Chim. Fr.

VARIABLES:
Temperature: range 15 to 80°c

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

The author reported composition in we
were made by the compiler.,

ight %, and conversions to molality

t/°c Cpg/¥E * Cpg/mol kg™t
15.0 34.7 3.55
20.0 33.18 3.313
20.0 33.22 3.319
20.0 33.23 3.320
30.0 31,2 3.03
40.0 28.9 2.71
50.0 25.9 2.33
60.0 23.5 2.05
70.0 20.8 1.75
80.0 18.4 1.50
AUXILIARY INFORMATION

METHOD:

Solutions were prepared isothermally
by agitating a soln containing excess
AgN3 in a sealed 3-necked flask. The
pressure within the flask was main-
tained at atm pressure (1,2). When
equilibrium was attained (no details
given), an aliquot for analysis was
filtered through a cotton filter into
a tared pipet which was provided with
two stopcocks. The soln was weighed
and analysed for silver by titration
with NH4SCN, Analysis (no details
given) of the solid phase showed it
to be AgN3.

SOURCE AND PURITY OF MATERIALS:

The water content of the anhydrous
pyridine was 0,05% (by wt) as deter-
mined by Karl Fischer titration.

No other details were given,

ESTIMATED ERROR:

Soly ¢ = +0.004 mol/kg at 20°C
(compiler)

Temperature: +0,05°C

Nothing else is specified.

~

REFERENCES :

1. Schutze, H.; Piechowicz, T. Helv.
Chim, ZAta 1943, 26, 242,

2. Guyer, A,; Piechowicz, T. Helv.

Chim., Acta 1944, 27, 858: 1945,
28, 401,
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COMPONENTS :
(1) Silver azide; AgNj3; El3863-88—2}
(2) Sodium azide; NaNjj 26628-22-8

(3)
(4)

Sodium nitrate; NaNOj3;
[7631-99-4]
N-methyl-2-pyrrolidinone;
CgHgNO; [872-50-4]

ORIGINAL MEASUREMENTS:
Virtanen, P.0.I.; Kerkela, R.

Suomen Kem. 1969, B42, 29-33.

VARIABLES:
One temperature: 25%%

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:
The ionic strength is constant at 0.
log Kso(AgN3) = =10.91

Ks

In excess azide, the soly is increas
The overall formation constant of th

log, = 12.60

By =

01 mol/dm>

11

o(AgN3) = 1.23 x 107 mo12/dm®

ed due to the formation of Ag(N3);.
is complex was determined to be

2 2

3.98 x 102 am®/mol

AUXILIARY INFORMATION

METHOD:

The soly product and stability const
were caled from potentiometric titrn
data obtained from the cell

Ag/AgNO4 (0.01M) //KCL(1M)// =
AgNO, (0.01M) /Ag

One side of this cell was titrated
with 0.01M NaN3. The titration
curve showed two equivalent points,
and the equilibrium constants were
calcd by a graphical method.

SOURCE AND PURITY OF MATERIALS:

Technical grade solvent was distilled
through a Vigreux column under vacuo,
and 80% was retained for use. Water
content was < 0.002M (Karl Fischer
titrn), and a conductometric titn of
the acidified solvent with stnd NaOH
confirmed the absence of amino acid
impurities. Commercial reagent grade
NaN3 was dried at an "appropriate"
t+empnerature, Polished silver wire
electrodes were used.

ESTIMATED ERROR:

COMMENTS AND/OR ADDITIONAL DATA:

In calculating Kgg and B, it was
assumed that AgNO3 was completely
ionized. If AgNOj3 is not completely
ionized, the authors point out that
log Ky may be more negative by as
much as 0.2 to 0.3 log units.

Kgg: nothing specified, and a
precision ~ #0.05 log units can be
assumed (compiler).

Temp: +0.02°C.

REFERENCES :
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COMPONENTS : EVALUATOR:
(1) silver cyanamide; Ag,CN3; Mark Salomon, U.S. Army Electronics
2-N2
[3384-87-0] Command, Fort Monmouth, NJ, U.S.A.

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

August 1978

CRITICAL EVALUATION:

The two results for Kgg (AgaCNp) in water
is clear that at least one of the studies
work of Sato and Sato ignores hydrolysis,
Kgp is in error due to the overestimation

also clear from the work of Kitaev et. al,

at 298 K are so divergent that it
is in serious error. Since the
it is highly probable that their
of the CN3 concentration. It is
that the CN3 concentration is

small due to its hydrolysis, and the evaluator would give preference to this

latter work.

REFERENCES:

1, sSsato, M.; Sato, M. J. Electrochem. Soc. Jpn., 1954, 22, 411,
2. Kitaev, G.A.; Bol'shchikova, T.P.; Yatlova, L.E. Zh. Neorg. Khim. 1971,

16, 3173.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanamide; AgoCN3; Sato, M., Sato, M.
[3384-87-0] J. Electrochem. Soc. Jpn. 1954, 22,
(2) Water; H,0; [7732-18-5] 411-17.
VARIABLES: PREPARED BY:
One temperature: 25°C Hitoshi Ohtaki
EXPERIMENTAL VALUES:
- -4 -3
CAg = 2.62 x 10 mol dm
- =11 3 -9
Kso = 7.23 x 10 mol™ dm
AUXILIARY INFORMATION

METHOD:
E.m.f. measurements were made on the
cell

Ag/Ca(HCNj3) 3, HaCN,, AgaCN2(s)//Satd
NH4NO3//Satd NH4NO3//0.1M AgNO3/Ag

The concentration of Agt (x) in the
cell is determined from

(RT/nF) 1n (cl/cz)

E

0.059 log (0.08l/x)

where ¢] is the concentration of free
Ag+ in the reference half-cell (0.1M
AgNO3) and cp x, the degree of
dissociation of AgNO3 in 0.1M soln
being assumed to be 0.81 (without any
reference). The emf value obtained
was 0.4667 V. The liquid junction
potential in the ,cell was neglected.
Activity of Ag” ion in the soln, apqs
is estimated to be 9.84.10~-10 by usgng
a cell having a 0.1M KCl-HgyCl,
calomel electrode as a reference
half-cell.

SOURCE AND PURITY OF MATERIALS:
CaCN; and HCN2 are prepared and
purified according to Sugino and
Kanayama (1). The method of prepara-
tion of AgyCNj crystals is not de-
scribed. Purity of the materials are
not given.,

ESTIMATED ERROR:

Nothing specified.

REFERENCES :

1. Sugino, K.; Kanayama, M. J.
Electrochem. Soc. Jpn. 1940,

250.

8.,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) ?ilver cya?amide; Ag,CN,; Kitaev, G.A.; Bol’shchikova, T.P.;
3384-87-0 ,
(2) Nitric acid; HNO3 [7697-37-2] Yatlova, L.E. zh. Neorg. Khim.
(3) Potassium nitrate; KNO3; 1971, 16, 3173-4.
[7757-79-1]
(4) Water; H,0; [7732-18-~5]
VARTABLES: PREPARED BY:
pH at 25% Mark Salomon
EXPERIMENTAL VALUES:
The ionic strength is constant at approximately 1 mol dm_3.
=24 3 -3
KSO(AgZCNz) = 3,98 x 10 mol~ dm ~.

The solubility, S, varies as a function of pH according to

log S = log [Ag,cN,1 ., = (2/3)1og[H'] - (1/3)1log(0.5K,/Kyq)
where (1)
+ 2- . -23 2 . -6
HZCN2 T 2H + CN2 Kc = 7.95 x 10 mol® dm

AUXILIARY INFORMATION

METHOD:

Solid AgyCNy was placed in 1M KNOj
solutions and equilibrated at 25°C (no
details given). The pH was adjusted
with HNO3. The solution was analysed
for agt with thiocyante (2).
The soly product is defined by

Kgq (Ag,CN,) = [Agt1%[en2™]
Since H2CN, is a weak acid, the soly
product was calculated from

Kyq (A,CN,) = (0.5) S3(K /8)

where S is the measured solubility and
- +42 +
B, = [H 19+ KR, (2'] + K,

SOURCE AND PURITY OF MATERIALS:

AgoCN2 prepd by adding a 25% NH3 soln
to 0.5M Ag-salt soln until the
hydroxide completely redissolved. To
this a soln of cyanamide (H2CNj) was
added which precipitated the (yellow)
AgpCNy., The ppt was collected on a
filter and "thoroughly washed free of
excess cyanamide and ammonia."

No other details were given,

ESTIMATED ERROR:
Nothing specified

The value for the first disociation
constant of H,CN, is (1,3)

11 3

K., = 5,25 x 107" mol dm

al

REFERENCES:

1. Bol’shchikova, T.P. Candidates

Thesis,., Sverdlovsk. 1969.

Lur’e, Yu, Yu. Spravochnik po

Analitichesko Khimii. Izd. Khimya,

Moscow, 1965,

3. Albert, A.; Serjeant, E.P., Ion-
ization Constants of Acids and
Bases. Methuen., London., 1962.
(translated into Russian, 1964.)

2,
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COMPONENTS :

(1) Silver dicyanamide; AgN(CN)Z;

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

ORIGINAL MEASUREMENTS:

Birckenbach, L.; Huttner, K.
Z. Anorg. Chem. 1930, 190, 1-26,

VARIABLES:

(o}

One temperature: 18°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

c = 3,7 x 10~

Ag

2

Ko (AN (CN) 5) (cAg)

= 1.4 x 10~

5 3

mol dm~

9 mo1? am=®

AUXILIARY INFORMATION

METHOD:
E.m.f. measurements were made on the
cell

Ag/AgN (CN) , (sat) //KNO (con) //-
AgNO, (0.1M) /Ag

The solubility of AgN(CN),, S, is ob-
tained from the relation

log § = log C; - EF/(RT 1ln 10)

where C1 is the [Ag*] in 0.1M AgNOj
and is evaluated using a value of 0.82
(no reference given) for the degree of
dissociation* of AgNO3. The observed
e.m.f, was reported as 0.1929 Vv,

*See additional discussion in the
COMMENTS section below.

SOURCE AND PURITY OF MATERIALS:

AgN (CN) 2 prepared (1) by refluxing a
stoichiometric mixture of Ag3CN2 and
BrCN for 3 days. To separate AgN(CN)2
from AgBr, the mixed ppt was treated
with con NH3j soln, the insol AgBr re-
moved by filtration, and AgN(CN)2 pptd
by addition of HNO3. This process was
repeated, and the salts analysed (2)
as 99.7% pure by dissolving in hot con
Hp804 followed by potentiometric
titration with KI soln. Freshly
distilled water was used.

ESTIMATED ERROR:

Solubility: not specified.
E.m.f.: not specified
Temperature: ~2°C

REFERENCES :

1. Birckenbach, L,; Hiittner, K.

2z, Anorg. Chem, 1930, 190, 38.
Hiittner, K. Knappe, S. Z. Anorg.
Chem. 1930, 190, 27.

Kirschner, A. z. Physik. Chem.
1912, 79, 245,

2.
3.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver dicyanamide; AgN(CN)g2; Birckenbach, L.; Hiittner, K.

2. Anorg. Chem. 1930, 190, 1-26.

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

COMMENTS AND/OR ADDITIONAL DATA:

One aspect of this work which is not clear is concerned with the tempera-

ture of the measurement, On page 6 of this paper, the authors give a vatue
of 189C, whereas in the table on paje 26 the temperature is given as 18 to
20°C. 1In their calculations using the Nernst equation, they use (RT/F) 1ln
10 = 0.0576 which corresponds to a temperature of 17.1°C.

It should be noted that the_concentration of a satd soln of AgN(CN)3 is
given as v 4 x 10-5 mol dm~3, and it is therefore fairly certain that a
large liquid junction potential exists.

In computing C; as 0.1 x 0.82, the authors refer to the number 0.82 as the
"aAktivitdtsfaktor" which is misleading because 0.82 is probably the degree
of disociation, a. Similar values for o can be found in much of the older
European literature (e.g. see reference 3). The mean molar activity
coefficient for 0.1M AgNO3 is approximately 0.73 (4).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES:

1. Robinson, R.A,; Stokes, R.H.
Electrolyte Solutions.
Butterworths. London. 1959.
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COMPONENTS :

(1) Methyl tricyanamide argentate;
AgC(CN) 3;

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

ORIGINAL MEASUREMENTS:
Birckenbach, L.; Hiittner, K.
Z. Anorg. Chem. 1930, 190, 1-26.

VARIABLES:

One temperature: 18°c

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

_ -5 -3
CAg = 6.7 x 10 mol dm
2 _ -9 2 -6
KSO(AQC(CN)3) (CAg) = 4.6 x 10 mol® dm
AUXILIARY INFORMATION

METHOD:

E.m.f. measurements were made on the
cell

Ag/AgC(CN) 5 (sat) //KNO 4 (con) //-

AgNO3(0.lM)/Ag

The solubility of AgC(CN)3, S, is ob-
tained from the relation

log C1] - EF/(RT 1ln 10)

where Cy is the [Ag+] in 0.1M AgNOj
and is evaluated using a value of 0.82
(no reference is given) for the degree
of dissociation* of AgNO3. The ob-
served e.m.f. was reported as 0.1779 ¥,

log S

*See additional discussion in the
COMMENTS section below,.

SOURCE AND PURITY OF MATERIALS:

AgC (CN) 3 prepared as described pre-
viously (1), The salt analysed (2)
as 99.8% pure by dissolving in hot
con H2S04 followed by potentiometric
titration with KI. Freshly distilled
water was used.

ESTIMATED ERROR:

Solubility: not specified.
E.m.f.'s: not specified.

Temperature: n2°%c.

REFERENCES:

1. Birckenbach, L.; Hittner, K. Ber.
1929, 62, 157.

2. Huttner, K.,; Knappe, S. 2. Anorg.
Chem. 1930, 190, 27.

3. Kirschner, A. 2. Physik.
1912, 79, 245.

Chem.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) Methyl tricyanamide argentate;

AgC(CN)B; Birckenbach, L.; Huttner, K.

Z. Anorg. Chem. 1930, 190,1-26.

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

COMMENTS AND/OR ADDITIONAL DATA:

One aspect of this work which is not clear is concerned with the temperature
of the measurement. On page 6 of this paper, the authors give a value of
189C, whereas in the table on page 26 the temperature is given as 18 to
209C. 1In their calculations using the Nernst equation, they use (RT/F)1n

10 = 0.0576 which corresponds to a temperature of 17.1°c.

It should be noted Ehat the goncentration of a satd soln of AgC(CN)3 is
given as ~ 7 x 1072 mol dm~ and it is therefore fairly certain that a
large liquid junction potential exists.

In computing C1 as 0.1 x 0.82, the authors refer to the number 0.82 as the
"AktivitdtsFfactor" which is misleading because 0.82 is probably the degree
of dissociation, o. Similar values for a can be found in much of the older
European literature (e.g. see reference 3). The mean molar activity
coefficient for 0.1M (AgNO,) is approximately 0.73 (4).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES:

4. Robinson, R.A.; Stokes, R.H,
Electrolyte Solutions.
Butterworths. London. 1958.
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COMPONENTS : EVALUATOR:
(1) Silver cyanate; AgOCN; Mark Salomon, U.S. Army Electronics
[3315-16-0]

Command, Fort Monmouth, NJ U.S.A,

(2) water; H,0; [7732-18-5] October 1978

CRITICAL EVALUATION: Of the three experimental studies available (1-3), two are
associated with some uncertainty as to the exact temperature used (1,3): it
is probable that the latter study (3) employed a temperature of 293 K.
Since Birckenbach and Hiittners' result also includes an uncertainty due to
the neglect of the liquid junction potential, their data will not be consid-
ered in the discussions below.

Lodzinska and Sinda suggested that several sources of errors in C
solutions of excess OCN™ arise due to the reactions

HOCN + H20 = NH3 + C02

Ag in

HOCN + NH3 = CO(NH2)2

KOCN + 2H20==KHCO3 + NH3

They conclude that the extent of these reactions in excess OCN~ is large
enough that the ternary system does not reach equilibrium, and that calcu-
lations of the stability constant B3 (e.g. as in ref 2) are therefore incor-
rect. However these authors claim that in the binary AgOCN/H20 system, the
above reactions are slow enough to permit thermodyamically significant Cp,
values to be determined. In a subsequent study on the hydrolysis of NaOCN
(4), it was found that the hydrolysis of dilute (up to about 0.2 mol dm~3)
NaOCN solutions was negligible for periods of several hours at temperatures
up to 323 K, There is no doubt that NaOCN and KOCN solutions hydrolyse to
produce NH3 (2-4): the major disagreement lies, essentially, in the rates of
hydrolysis. Veys (4) has shown that the rate of hydrolysis is acid
catalysed, and that small amounts of acid will increase the rate by about a
factor of 30. Based on Veys' careful work, the rate of hydrolysis observed
by Lodzinska and Sinda in their most dilute KOCN solution (0.2 mol dm~3) ap-
pears too rapid. It appears to this evaluator that the data of Cohen-Adad
are not subject to any error due to the neglect of hydrolysis in the deter-
mination of Cag. In fact, the data from references (2) and (3) appear to be
complimentary. Using this data, the evaluator has been able to estimate

the enthalpy of solution (AHgo), and the resulting value is very reasonable
when compared to AHgO for AgN3, AgCN, AgSeCN, and AgSCN (see the critical
evaluations for these aqueous systems). On this basis, the evaluator sug-
gests that these data can be designated as tentative.

TENTATIVE VALUES

In addition to the tentative values presented in the table below, several
provisional values based on calculations by the evaluator are also given.
Units are mol dm~3 for Caqs and mol2 dm~6 for K8p. The Cag data apply to
the pure (binary) AgOCN/H50 system.

4 7.,0 8,0 o
T/K Reference 10 CAg 10 KsO(AgOCN) 107K , (AgAg (OCN) ,) Koo
293 3 4.11 1.53/P 0.72/P 0.52rC
303 2 7.42 4.8 2.3 0.048

a, Calculated by the evaluator (see below),
b, Provisional value.
c. Highly provisional value

SOLUBILITY OF AgOCN IN PURE WATER

In the binary AgOCN/H20 system, hydrolysis is neglected and all activity
coefficients are assumed to equal unity. The solubility of AgOCN under
these conditions is given by

n

+ +
Crg = [2g71+ Kgg(agocn)  Kg,/[Ag"] [1]
and ’

Cag

Ko (agocN) /[ag*] + 2k, (agocw) kS,/[ag™] [2]
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COMPONENTS : EVALUATOR:
(1) Silver cyanate; AgOCN Mark Salomon, U.S. Army Electronics
[3315-16~0]

Command, Fort Monmouth, NJ, U.S.A.
(2) wWater; H,0; [7732-18-5]

October 1978

CRITICAL EVALUATION: (Continued)

Eliminating cAg between egs [1] and [2].

+92 _ O 0
[Ag™] K o (RgOCN) (1 + Kg,) [3]
Using Cohen-Adad's data for 303 K, eq [3] yields [Ag'] = 7.09 x 1074
mol dm~3, and from eq [1]
Cag = 709 % 1074 + 0.32 x 107 = 7.42 x 107 no1 am3

At 303 K the species Ag(OCN); thus constitutes some 4% of the total solu-
bility vf AgOCN in pure water. Assuming this fraction is the same for 293K,
we can estimate the following for 293K:

[Ag*]~Cy (7.09/7.42) = 3.93 x 107 mol am ™
[Ag(OCN);] = Cpg - [ag*] = 1.8 x 10”5 mol dm~3
[oeN"1=c,, - 2[ag(ocm);] = 3.74 x 1074 mol am™3

Using these concentrations, and assuming all activity coefficients are
unity, the equilibrium constants for 293 K were calculated and entered in
the above table. The heat of solution was calculated from the two K@
(AgOCN) values at 293 and 303 K, and the result is AHZy = 86 kJ/mol. While
this value is consistent with those generally found for the silver pseudo-
halides as mentioned above, it is in serious disagreement with the value

of 54,9 kJ/mol calculated from heats of formation data (5).

REFERENCES:
1. Birckenbach, L.; Hiittner, K. 2. Anorg. Chem. 1930, 190, 1.

2. Cohen-Adad, R. Compt., Rend. 1954, 238, 810: Théses. Université D'Alger.
1954,

3. Lodzinskia, A.; Sinda, F. Roczniki Chem. 1964, 38, 117,
4, Veys, P. Théses. Universit& De Lyon. 1968.
5. Wagman, D.D,; Evans, W.H.; Parker, V.B,; Halow, I.; Bailey, S.M.;

Schumm, R.H. U.S, National Bureau of Standards TN=-270-3. 1968; TN-270-4.
1969.
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COMPONENTS :

(1) Silver cyanate; AgOCN;
[3315-16-0]

(2) water; H,O; [7732~-18-5]

ORIGINAL MEASUREMENTS:

Birckenbach, L.; Hittner, K.
Z. Anorg. Chem. 1930, 190, 1-26.

VARIABLES :

One temperature: 18°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Ag

2
KSO(AgOCN) (CAg)

c,. = 4.8 x 10°

= 2.3 x 10°

4 3

mol dm~

7 6

mol? dm”

AUXILIARY INFORMATION

METHOD:

cell

Ag/AgOCN (sat) //KNO5 (con) // -
AgNO5 (0.1M) /Ag

the relation
log 8 = log C; - EF/(RT1nl0)

where C; is the[Ag*] in 0.1M AgNO3
and is evaluated using a value of
0.82 (no reference given) for the
degree of dissociation*  of AgNOj.
The observed e.m.f., was reported as
0.1284 v.

*See additional discussion in the
COMMENTS section below.

E.m.f. measurements were made on the

The soly of AgOCN, S, is obtained from|Cranston and Livingston.

SOURCE AND_PURITY OF MATERIALS: .
Presumably AgOCN prepared by precipi-

tation from solutions of AgNO3 and
KOCN, washed with alcohol, ether, and
dried in a desiccator (1). Silver
analysis indicated a purity of 99.6%.
KOCN was prepared by the method of
(2)

Freshly distilled water was used.

ESTIMATED ERROR:
Solubility:

E.m.f,:
Temperature: ~2% (compiler).

not specified.
not specified,

REFERENCES:

1. Hilttner, K.; Knappe, S. Z. Anorg.
Chem. 1930, 190, 27.

2. Cranston; Livingston. J. Chem.
Soc. 1926, 501,

3. Kirschner, A. 2. Physik. Chem.

1912, 79, 245.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) Silver cyanate; AgOCN; Birckenbach, L.; Hiittner, K.
[3315-16-0] Z, Anorg. Chem. 1930, 190, 1-26,
(2) Water; H207

[7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

One aspect of this work which is not clear is concerned with the tempera-
ture of the measurement. On page 6 of the paper the authors give a value
of 18°C, whereas in the table on page 26 the temperature is given as 18 to
20°C. 1In their calculations using the Nernst equation, they use (RT/F) ln
10 = 0.576 which corresponds to a temperature of 17.1°C.

It should be noted that the concentration of a satd soln of AgOCN is given
as v 5 x 10™4 mol dm™3, and it is therefore fairly certain that a large
liquid junction potential exists.

In computing C; as 0.1 x 0.82, the authors refer to the number 0.82 as
the "Aktivitdtsfaktor" which is misleading because 0.82 is probably the
degree of dissociation, o. Similar values for o can be found in much of
the older European literature (e.g. see ref 3). The mean molar activity
coefficient of 0.1M AgNO; is approximately 0.73 (4).

AUXILTARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :

4. Robinson, R.A,; Stokes, R. H.
Electrolyte Solutions,
Butterworths. London, 1959,

SDS—F
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Concentration of NaOCN at 30°C

COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Silver cyanate; AgOCN; Cohen-Adad, R. Comptes Rend. 1954,
[3315-16-0] 238, 810-12.1

(2) Sodium cyanate; NaOCN; [917-61-3]

(3) Water; HZC; [7732—18—5]

VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
calcd by the compiler from [OCN-] =
Units of [0oCN~] and Cpg are mol dm~

H

o is the fraction of Ag¥ and the concentration of OCN™ was|

-0 )u where p is the ionic strength.

The data were used (see
constants.

Note that the equilibrium constant K°

(S, (AgAg (0cN) ,)) 1. Also note that in

o«  103[ocN”] 1o3cAg a 103[qcn‘] 1o3cAg
0.0885  3.081 3.380 0.6937 0.520 1.697
0.0978  3.395 3.763 0.8195 0.287 1.589
0.1405  2.294 2.669 0.864 0.347 2.550
0.1800  1.813 2.211 0.906 0.233 2.476
0.2611  1.370 1.854 0.924 0.246 3.240
0.5692  0.668 1.550

below) to calc the thermodynamic equilibrium

Kgo(AgAg(OCN)Z) = 2.3 x 1078 mo12 am~®
BS = 1.0 x 10> mo1~2 am®
o - /(g° S - -7 2 . -6
K2, (AgOCN) -Jikso(AgAg(OCN)z)/ 85 ) = 4.8 x 1077 mol® dm

defined below is equal to

satd solns, u= cAg'

AUXILIARY

INFORMATION

METHOD:
The titrn of NaOCN with AgNO3 followed
conductometrically, and a sharp break
in the titrn curve occurred at satura-
tion. Soly prod Kfp=(AgOCN) =[Ag*] x
[ocN~] Y2 was found to depend upon
[NaoCN] thereby indicating presence of
a complex species. Complex identified
as Ag(OCN)3 from equiv cond determina-
tions of non-satd solns where o was
varied at const ionic strength: the
continuous variation method of Job(2)
confirmed the stoichiometry of the co

plex, For the reactions (in satd soln
agt + 20CN~ ¥ Ag(OCN)3 B

and +
Ag' + Ag(OCN)3 ¥ 2AgOCN(s) K

mass balance considerations lead to

= a//(1-a) [e-B(1-a)Y,]

Ca
whereg
a% ={2 +(x°83) %}KO : B= K°/a%
values of A and B determined from the
Cpg and o data in the above table, and
thé mean activity coeff calcd from

log v, -o.51u”ﬂ

)

SOURCE_AND PURITY OF MATERIALS;
NaOCN prepared by the method of

Hackspill and Grandadam (3): it was
recrystallized twice and analysis by
potentiometric titrn with AgNO3 indi-
cated a purity > 99%. Distilled watey
was used, No other details given.

)
%iSTIMATED ERROR:

Nothing specified. Since the values
of A and B were not given, the compil
er could not estimate the stnd devia-w
tions in K.p and B,.

REFERENCES :

1. Cohen-Adad, R, Theses. L'Universits
D'Alger. 1954,

Job. Théses. Paris. 1921; Les
methodes physiques appliquees a la
Chimie, Dion, Paris. 1926.
Hackspill, Grandadam,., Ann. Chim,
1926, 5, 218.

2.

3.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) silver cyanate; AgOCN; Lodzinska, A.; Sinda, F. Roczniki
[3315-16-0] Chem. 1964, 38, 117-21

(2) Potassium cyanate; KOCN; T = ' *
[590-28-3]

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

VARIABLES :

One temperature: probably 20°

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

TABLE 1 Solubility of AgOCN (cAg) in KOCN Solutions

[KOCN]/mol dm™ > 103CAg/mol am™3
0 0.4106
0.20 4.38
1.02 6.98
1.44 8.14
1.83 9.78
AUXILIARY INFORMATION

——

METHOD:

For the binary AgOCN/H0 system,
equil was attained by shaking (no
other details given), and Cpg detd by
a Volhard titrn., For the ternary sys-
tem, the concn of the initial KOCN
soln was determined by titrn with
AgNO3. Dried AgOCN was added to the
KOCN soln and the mixture shaken for
4-6 h. No details were given. Cpg
was detd by a Volhard titrn. Authors
stated that reproducibility was sat-
isfactory, but no data were given
which indicate the magnitude of the
experimental error. Temperature of
system during equilibrium not
specified, but in another part of the
Paper concerning the spectroscopy of
the mixed solns, the authors state

SOURCE AND PURITY OF MATERIALS:
KOCN prepared by fusing K;CO3 with
urea: further purification, if
carried out, was not indicated.
AgOCN prepared by mixing solutions
of AgNO3 and KOCN. The ppt was
dried to constant weight: further
purification, if carried out, was
not specified. The source and
purity of the water was not
described.

ESTIMATED ERROR:

Reproducibility said to be within
exptl error, but numerical data were
not given.

that the measurements were performed
at 20°C. It appeared to the compiler
that reference to this temperature
Pertains only to the spectroscopic
measurements: it is possible that
this statement refers to all measure-|
ments,

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) Silver cyanate; AgOCN; [3315-16-0]| Lodzinska, A.; Sinda, F. Roczniki

(2) Potassium cyanate; KOCN; Chem. 1964, 38, 117-21.
[590-28-3]

(3) Water; H,O0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

A plot of log Cag against log KOCN using the data in Table 1 results in a
curve with a slope of about 0.5 which, according to the authors, indicates
the presence of complexes of varying composition. Upon, standing for two
weeks, an intense odor of NH3 was detected from the ternary system. This
was attributed to the hydrolysis of KOCN according to

KOCN + HZO = KHCO3 + NH3
The authors measured the NH3 concentration in KOCN/H20 mixtures as a function
of time, and the results are given in Table 2. The concentration of NHj
was determined spectroscopically at 420 mp using the Nessler reagent. The
measurements were carried out at 20°C. Determination of [NH3] in the ternary
system, AgOCN/KOCN/H,0, was not carried out because of pptn of AgI (due
to the Nessler reagent). The authors state that equilibrium in the ternary
system is never attained, and that there is a continuous but slow increase
in Cpg (due to formation of Ag(NH3); complexes). The measured Cpg Vvalues
after " 4-6 h of shaking are, however, claimed to be accurate within the
limits of experimental error: no guantitative information was given which
would permit the estimation of the exptl error.

TABLE 2 [NH3] in KOCN/H,0 Solutions as a Function of Time

10°[NH,]/mol dm™>
[KOCN1/mol dm™> 5 min 2 h 4 n 25 h
0.2 0.196 0.234 0.358 0.785
1.0 0.818 1.89 4.47 15.1
1.4 1.07 3.25 6.20 17.2

1.8 1.22 3.05 4,97 27.4
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COMPONENTS EVALUATOR:
(1) Silver cyanide; AgCN; Mark Salomon, U.S. Army Electronics
[506-64-9]

Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732-18-5]

September 1978

CRITICAL EVALUATION:

The solubility of AgCN in aqueous solutions has been studied by direct
solubility measurements (1-10,37) and by e.m.f. methods (11-21). No attempts
to measure the standard half-cell potential of the Ag,AgCN electrode have
been reported since AgCN is highly soluble in CN~ solutions. In saturated
AgCN solutions, the principal species formed is the argentocyanide ion:

2AgCN(s) < AgT + Ag(CN) [1a]

Because of the high stability of the argentocyanide ion, equilibrium [la] is
often written in the equivalent form

AgAg(CN) 5 (s) ¥ Ag® + Ag(CN), [1b]

To distinguish the solubility product of reaction [1] from reaction [3]
below, we define

Kgo (ARG (CN) 5) = [ag™I[ag(cm)]] [2]
and the solubility product for the equilibrium

AgCN(s) <+ Ag” + on” [3]
is defined by

Koo(hgeN) = [ag*llenT] 4]

Direct Solubility Measurements

1. The binary AgCN/H50 system. The paper by Bdttger (5) represents the
singular attempt to measure the solubility in the pure binary system.
Considering that the work was published in 1903, the care in purification of
all materials is admirable even by todays standards. The distilled water
was of high purity: its COs content was quite low owing to the fact that it
was stored in flasks with drying tubes containing NaOH and CaO, and the
author noted that the conductivity of the water decreased upon storage. The
major sources of errors in this study are the estimates of equivalent ionic
conductances, his confusion concerning the nature of the chemical equilibria
Occuring, and a possible unknown error in resistance measurements due to
capacitive effects (electrodes were not platinized and the solutions studied
had conductivities of the order of 107/ ohm~l, and an experimental precision
of about 108 ohm~1l). BBttger concluded that he was measuring two equilibria,
[1] and [3] when in fact he was measuring only equilibrium [1]. The
average of these two measurements is Kgg(AgAg(CN)3) = (2.5%0.3) x 10-12 mol?
dm‘g at £93K which is in agreement with the probable value of 2.4 x 10-12
mol4 dm~°.

2. Studies in the presence of complexing anions. The two earliest works
(1,2) involving equilibria of the type

MAg (CN) , T vt s Ag(CN) [5]

where M = Na(l) or Tl (2) are devoid of essential experimental details.
Normally such papers would be rejected, but they represent the only papers
Published on the NaAg(CN)3 and T1Ag(CN)2 aqueous systems.

Bassett and Corbet (7) reported the only phase study for the ternary
AgCN/KCN/H20 system at 298 K. Several double salts and their hydrates were
identified as discussed in the compilation. The reproducibility of the
results was not specified, and only one source of error (KOH impurity in
the KCN) was mentioned. All solutions containing excess KCN included an
unspecified amount of KOH, and considering the effect of pH on the solubil-
ity Cag (9,10), the resulting error in Cpag measured by Bassett and Corbet
may be as high as +5% for a 3% impurity.

Lucas' (6) calculations of Kgg(AgAg(CN)jy) at 298 K are based on the relative
solubility method, and involve the following equilibria:
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COMPONENTS ¢ EVALUATOR:
(1) Silver cyanide; AgCN; Mark Salomon, U.S. Army Electronics
[506-64-9]

Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732-18-5]
September 1978

CRITICAL EVALUATION: (continued)

AgAg(CN) ,(s) + KC1 ¥ KAg(CN), + AgCl(s) Ky

AgAg(CN) ,(s) + KBr <+ KAg(CN), + AgBr(s) Ko
>

AgAg (CN) ,(s) + KSCN < KAg(CN), + AgSCN (s) Kirr

Lucas' results for Kryr are inconsistent with the results for Ky and Krr,
and his value for Krry has been rejected by the evaluator (see also the
critical evaluation for the AgSCN/H70 system)., It is possible that the
inconsistency in Kyyt is due to the existence in solution of the mixed-
ligand complex Ag(SCN) (CN)~: the solid KAg(SCN) (CN) is known (36). The
equilibria involving AgCl and AgBr are more reliable as was also found in
relative solubility studies on AgSCN/AgCl and AgSCN/AgBr (see reference 22
and the critical evaluation for AgSCN). The evaluator concludes that the
Ky and Kyy values reported by Lucas are of acceptable accuracy. The
equilibrium constants Ky and Ky are represented by

Ky and K = [Ag(c™31/[X7] = K (Aghg(CN) ,) /K] (AgX) [6]

where X = Cl or Br, and the concentration equilibrium constants Kgg have
been replaced by the thermodynamic constant KQ, since it is assumed that
the ratio of activity coefficients for Ag(CN)3 and X~ is unity. Because
Lucas did not have accurate Ky values for AgCl and AgBr at the time of his
study, the compiler recalculated K2((AgAg(CN)j3) using Lucas' experimental
results for Ky and Kyr and more recent values for Kgg(AgCl) and KZq (AgBr):
from reference (23), Kgo(AgCl) = 1,754 x 10~10 and Kgg(AgBr) = 5.35 x 10-13
mol2 dm~6, The resulting average value and the standard deviation based on
the sum of the variances in KI and Krr at 298 K is

K2, (AgAg(CN) ,) = (4.2 £ 0.5) x 107" mo1? an™®

Randall and Halford (8) studied the solubility of AgCN in HCN solutions
at 298 K, and attempted to calculate KQq(AgCN) and B9 from a series of
related equilibria. B9 was calculated from

o _ O 2,,0
8, = K7p/KIKQ,(AgCl) [7]

where Kg is the acid dissociation constant of HCN and K%I is the equili-
brium constant for

AgCl(s) + 2HCN(aq) ¥ 2m" + c17 + Ag(cN); [8]

Randall and Halford's result Bg = 2.62 x 1018 appears to_be in serious
error as the most probable value is 3.91 x 1020 mol~2 k92 (see below). It
also appears that their K% value for the equilibrium

AgCN(s) + HON ¥ Y + ag(en); (o]

is also in error. An error in Kg means that there must exist corresponding
errors in the experimental Cpag values. In support of this conclusion, the
evaluator has calculated K@y %rom eq [7] using more accurate values for B89,

2
Kg, and KgR(AgCl). The resulting K$; can then be used to calculate KQ(AJCN

and Kgq(AgAg(CN)3) from the following relations:
1]
o - ,0,0.,0 o
Koo (AGCN) = KIKOKZ (AGCL) /KD. [10]

and

Kgo(AgAg(CN)z) = KZO(AgCN)ZBg [11]
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COMPONENTS : EVALUATOR:
(1) Silver cyanide; AgCN; Mark Salomon, U,.S. Army Electronics
[506-64-9]

Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732-18-5]
September 1978

CRITICAL EVALUATION: (continued)

Taking 8 = 3,91 x 1020 mol—2 kg2 (the tentative value discussed below)

KQ = 6.184 x 10710 mol kg=1(24), and K9y (AgCl) = 1.754_x 10-10 mol2 kg~
(33), the evaluator obtains KQr = 2.62 % 1078 mol3 kg=3. 1If Randall and
Halford's K% value is correct, then one should obtain acceptable values of
K9y from egs [10] and [11] using the recalculated (and presumably correct)
K§ value The results are Kgo(AgCN) = 1.6 x 10-16 ang Kgo(AgAg(CN)z) =
9.% X 10'12 mol2 kg~2: the former value is larger, and the latter value
smaller than the tentative values by about 70%. A corresponding error of
t70% in the experimental Cag values is thereby indicated.

The solubility of AgCN in excess CN  solutions has been studied in NaOH
solutions by Kolthoff and Stock (9), and over a wide range of pH by Giibeli
and C6té (10). The data in NaOH solutions are not directly comparable since
Kolthoff and Stock studied solutions of varying ionic strength at 296 *1 K
whereas Glibeli and Cété&'s solutions all contained 1 mol dm~3 NaClO, at a
temperature of 298 K: the latter authors' Cpg values were lower than the
former authors' wvalues by about 2.9 x 10-3 mél dm~3 over the pH range of
13.00 to 13.40. Both papers report By131 values for the reaction

Agt + OH” + CN~ ¥ Ag(OH) (CN)~ 111 [12]

(B111 = Kolthoff and Stock's Kcg, and Gilbeli and Co6té's Kjjp). Kolthoff and
Stock used an incorrect value for 83 to calculate Bjy331. Using the tentative
value for B9 and Kolthoff and Stock's experimental value for Kp (also re-
evaluated by the evaluator as discussed below), one obtains from eq [13] a

value of B = 3.9 x 1013 mol=2 amb. If, for the sake of comparison, we
11

81y = &3 8172 [13]
assume that the mean molar activity coefficient for NaCN in 1 mol dm~3
NaClo4 is given by the mean molal activity coefficient of 1 mol kg~l NaClOy4,
then y; (NaCN) ~ v+ (NaClO4) = 0,63 at 298 K (25), then Glibeli and C6té&'s data
give g977 = B111/ys#2 = 1.6 x 1013, The difference between Kolthoff and
Stock's value and that of Giibeli and C6té&'s value appears to be too large to
attribute to the inaccuracy in y:, and it is not possible to arrive at a
tentative value for this quantity.

It is also of interest to obtain K°0 values from the above works. From
Kolthoff and Stock's data, the evafuator first evaluated K using more
accurate values for KQ,(AgBr) and the tentative value for BY: note that

the experimental Kg va?ue is referred to 296 K and the remaining equilibrium
constants refer to 298 K, The evaluator's results are: Kg = (3.2%0.8) x

106 and KQ(AgCN) =(1.0%0.4) x 10-16 mol2 dm~6., Glibeli and Co6té's value for
Kso can be used to approximate Kgo(AgCN) by assuming y+ = 0.63: the result
obtained by the evaluator is 1,1 x 10~16 mol2 dm~6, Although there appears
to be acceptable agreement between these two corrected values, these

results cannot be used to assign tentative values since the uncertainties

in some of the experimental data and several of the assumptions made to
correct to Kgo are of unknown magnitude. They are however useful in support
of the tentative values designated below.

3. Cationic Complexes. Hellwig (4) reported the singular value of
[AgCNTgata = 0.0091 mol dm™3 in 3 mol dm~3 AgNO, solution at 298.4 K.

4. Solubility in NH3 solutions. It is surprising that the only literature
available on the solubility of AgCN in NH3 solutions date back to the years
1883 (3) and 1904 (6). It appears that one work is in error: e.g. for a
0.3 mol kg~l NH3 solution, Longi (3) found Caq = 0,017 mol kg~l at 285 K
whereas Lucas (6) found Cpag = 0.011 in 0.3 mo? dm~3 solution at 298 K.
Based on the generally acceptable quality of Lucas' results, the evaluator
would give greater weight to this author's results, In the absence of ad-
ditional studies on this system, rejection of Longi's results is difficult
to justify at this time.

S
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COMPONENTS : EVALUATOR:
(1) Silver cyanide; AgCN; Mark Salomon, U.S. Army Electronics
[506-64-9]

Command, Fort Monmouth, NJ, U.S.A.
(2) wWater; H,0; [7732-18-5]
September 1978

CRITICAL EVALUATION: (continued)

5. E.m.f. studies. The basis of these measurements involves a concentra-
tion cell such as

Ag/AgCN(satd), CN~ // salt bridge // reference electrode [14]

The first experimental work to be reported on this type of cell is that of
Morgan (11) who used the e.m.f. data to determine [Ag*] and a conductivity
method to determine [CNT]. Morgan's result of Kgg(AgAg{CN)3) = 1 x 10-13" at
290.7 K is too low, and his data have been rejected. Linke and Seidell (26)
report a solubility of 3.17 x 10~7 for AgCN in water at 290.7 K and cite
Abegg and Cox (27) as the source for this value: however Abegg and Cox did
not carry out any work on this system, and in fact they are reporting the
value of Morgan (i.e. Cpqg = Kso(AgAg(CN)z)l/Z). Other data which have been
rejected because of largé errors are: Masaki (12), Kso(AgCN) = 4.6 x 10-16

at 293K; Bicserdy (13), Kggo(AgAg(CN)3) = 7.8 x lO-8 at 297 K; Britton and
Dodd (14), Kgg(AgAg(CN)p) = 5.12 x 10712 at 288 K; Sato and Sato (16),

Kgo (AGCN) = 2.2 x 10771 at 298 K; and Chao and Cheng (19, 20), KO, (AgCN) =
2.1 x 10716 ang kS, (AgAg(CN) ,) = 1.29 x 107'! mo1? am™® at 203 k. It is not

clear if Sato and Sato actually measured Kgg(AgCN) since they did not pre-
sent any experimental data for this system: they do not quote any other
source, and their value is different from any other found in the literature.
Britton and Dodd's study included pH measurements on KAg(CN)) solutions
which demonstrated that Ag(CN)3 does not hydrolyse. Having rejected most of
the e.m.f. data, we are now left with three papers (15, 17, 18), all of
which report Kgg and Bp values obtained from potentiometric titration data.

Gauguin's paper (15) is void of so much essential information that the
evaluator was considering its rejection. However within the limits of un-
certainty of these data compared to others, some agreement exists, and since
this work represents one of the few (apparently) acceptable papers available
for 293 K, it will not be rejected. Gauguin's K@ (AgAg{CN)j,) = (2.4%1.0)

x 10712 mol am~6 at 293 K agrees well with Bbttgers value, and that of
Ungerer et. al. (21) whose corrected value is (2.4%0.6) x 10-12 mol dm-3,
Zsakd and Petri's equilibrium constants (18) are generally larger than

those of Gauguin.,

Azzam and Shimi's results at 298 K (17) are difficult to analyse because
their K9y (AgAg(CN)5), B3, and B3 values show no concentration dependence
over a range of ionic strengths of 0.005 to 1.0 mol dm=3, This surprising
behavior is probably due to the large experimental error in the measured
e.m.f.'s which, according to the authors were "steady ..... or the varia-
tion was less than 10 mV," Their average value of Kg(g(AgAg(CN),) =
(5.840.3) x 10-12 mol2 dm~6 is higher than Lucas' value of 4.24 x 10-12 (¢),
and Glibeli and CO6té's value of 1.3 x 10712 in 1 mol dm~3 NaClogq (10).

Complex Ions

The tendency of silver to form strong complexes with cyanide has long been
recognized. One question highly relevant to the solubility of AgCN in
solutions containing excess CN~ concerns the nature of the complexes which
form, There is no report of soluble AgCN: Zsakdé and Petri failed to calcu-~
late 81 and conclude that Kg; must be smaller than 4 x 10-7 (18). The
early work of Bodliander and Eberlein (28) suggest that both Ag(CN)3 and
Ag(CN)%' are important: no mention of Ag(CN)4‘ was made in the papgr, and
values of B, = 1.14 x 102! mo1=2 dm® and B3 = 8.85 x 1021 mol-3 dam’ were
reported for 292 K. Based on the polarization behavior of Ag electrodes in
CN™ solutions, Glasstone (29) concluded that Ag(CN)i is the only important
anion complex, and that the existence of AgyCN™ and Ag3CN2+ was highly
probable. Although there is evidence based on solubility data that AgCN can
form cationic complexes (4), the nature of the complexes are unknown, and
there is no indication in the literature that cationic complexes form in
solutions containing excess CN~, Britton and Dodd's e.m.f. studies (14)
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lead them to conclude that only Ag(CN)E is significant, and in related
studies Ferrell et. al. (30) conclude that Ag(CN)%‘ is present only in high-
ly concentrated CN™ solutions. Of the remaining relevant studies discussed
above, two do not report the existence of Ag(CN)%‘ (10, 15), whereas two
confirm its existence (17, 18). These latter twO papers report 83 values,
in mol-3 dm?, of 9.6 x 10él at 298 K (17), and 6.4 x 1021 at 293.6 K (18).
No evidence has been cited for the existence of Ag(CN)Z' in any of these
works, but below other evidence is cited. To determine the relative import-
ance of Ag(CN)z' and Ag(CN)3 in saturated solutions containing excess CN~,
we can define §2,3 as

R2,3 7 [Ag(CN);]/[Ag(CN)g-] =g,/[cN" 18, [15]

Taking By = 4 x 1020 and B3 = 2 x 1021 at 298 K (see below), and a typical
[cN=1= 2 x 1075 mol dm-3 for a saturated solution of AgCN in 1 mol dm~3
KCN, eq [15] yields Rz,3 = 1 x 104. Thus when considering saturated solu-
tions of AgCN in excess CN™, one can safely assume that the only soluble
species present is Ag(CN)E.

Hydrolysis

It may at first seem surprising that the hydrolysis of CN~ has little effect
on the solubility of AgCN since the pKY of HCN is 9.2 at 298.2 K (24). The
reason for this, as shown below, is that Ag(CN)E is so stable that the free
CN™ concentration is small. In non-saturated solutions where there is a
large excess of CN™, hydrolysis will be important and all three species
Ag(CN)!]:-l"n for n = 2, 3, 4 may be present in nearly equal amounts. The
following studies accounted for hydrolysis in the calculation of By and Bj:
10, 14, 15, 17, 18, 28, 30-33.

Tentative Values

1. Solubility products and formation constants. The difficulty in arriving
at a consistent set of Kgg and B, values is that most of the existing data
are deficient in information required to define the thermodynamic state, or
they are of poor precision. Those papers which specifically define the
thermodynamic constant K8q (AgAg(CN)2) are (5, 6, 8, 9, 18, 21) and the data
in references (8, 9) have been rejected because of inconsistencies in the
data (8) or uncertainty in the temperature (9). The Kgg and Bp values of
Azzam and Shimi (17) are subject to uncertainty since they are average
values based on all data in constant ionic strength solutions of 0.001 to
1.0 mol dm~3. Gauguin's data (15), corrected for y: by the compiler, suffer
from uncertainty in the temperature, and the resulting K@y and 88 values
were accepted because of excellent agreement in Kgo between BOttger (5) and
Ungerer et. al. (21). Giibeli and COt&'s data were obtained in 1 mol dm~
NaCl04 solutions, and the calculations of K8g and B9 by the evaluator are
of marginal significance.

It is clear that a set of recommended values for any of these constants can-
not be offered at this time. Since the cyanides of silver play an important
role in the understanding of the solution chemistry of the metal, it is of
interest to at least attempt to produce a consistent set of tentative values
for Kgo and 83. In deriving these tentative values, the errors associated
with each constant were estimated from the sums of the experimental standard
deviation (Gexptl) and the standard deviation obtained from averaging two

or more constants (oyy): i.e.

2 21/2
9total ~ %Gexptl) + (0,5 }

The important constants to be considered are Kgo(AgCN), KgO(AgAg(CN)z),
and B89. These constants are related by
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o o _ 0 _
Koo (ACN) 85 = KJ, =K_, [16]
89 = (K2, %/K%, (AghAg (CN) ;) [17]

1/2

KO, (AgeN) = (KQ, (AgAg (CN) ,) /83) [18]

As a starting point it is noted that Kg,, being defined as [Ag(cN)3]/[cN™],
is to a first approximation independent of concentration. The evaluator
has chosen the data of Glibeli and CO6té (1} and Azzam and Shimi (17} and
calculated Kg2 from egq [17]: the average Kgy = ng = (4.120.7) x 104 at

298 K. For the value of K8,(AgAg(CN)p) the evallator uses Lucas' value (6)
of (4.2t0.5) x 10-12 mol2 dm~6 at 298 K. From eq [18], the tentative value
of K2, (AgCN) at 298 K is (1.0%1.0) x 10-16 mol2 dm~6® which is based on the
tentative value of B9 = (3.9%0,8) x 1020 mol-2 dmb as obtained from eq [17]
The tentative value for K8g{AgCN) is in satisfactory agreement with the
estimations of the values obtained by the evaluator based on Kolthoff and
Stock's data, and Glibeli and Cété&'s data (see above).

The data at 293 K (5, 15, 18, 21) are much more difficult to analyse.
Selecting tentative values at this temperature involves considerably greater
uncertainty than for the 298 K values. The data of Gauguin (15), Bbttger
(5), and Ungerer et. al. (21) have been averaged to obtain the tentative
value KQo(AgAg(CN)p) = (2.4%1.0) x 10-12 mol? dm=6, The tentative value of
K82 = Kg2 = (4.8%2,6) x 104 was obtained by averaging the values from re-
ferences (15) and (18). B9 and KZ,(AgCN) were then calculated from egs

[17] and [18] as was done for the 298 K data,

As mentioned above, Zsak0 and Petri place a limit_of Kgy <_4 x 10-7 mol
dm-3, Butler (31) also estimated that Kg1 < 10-7 mol dm~3 based on the
assumption that in order to escape detection, [AgCN] must be less than 10%
of the minimum solubility of AgCN (i.e. 2Kgq(AgAg(CN)2)1/2). 1In all calcu-
lations below, it was assumed that the concentration of AgCN in solution is
negligible.

B3 values obtained from the potentiometric methods referred to above are
inconsistent and contain numerous uncertainties., To obtain a consistent

set of B3 and B4 values, the evaluator used the data of Jones and Penneman
(32) in the exact manner used by Butler (31): the only difference between
Butler's calculations and those of the evaluator lies in the 63 values,

The data of Jones and Penneman are used because these authors studied non-
saturated solutions of high [CN~] which gives nearly equal concentrations

of the species Ag(CN)}l"n for n = 2, 3, 4 thereby permitting more accurate
calculations of the equilibrium constants. Jones and Penneman recorded a
series of infrared spectra on carefully prepared KAg(CN)2/KCN/H70 mixtures
"in a constant temperature instrument room at 70°F," (i.e. 294.3 K). Three
distingt peaks were identified as arising from Ag(CN)3, Ag(CN)%‘, and
Ag(CN)3~. The absorbance coefficients were evaluated and the concentrations
for each complex determined which permitted the stepwise formation constants
to be calculated. Molar activity coefficients were estimated from

2

log y, = -0.51z2u1/2/ 1 + 0.33au1/?) [19]

where ag is the,distance of closest approach, and values of 0,37 nm and
0.67 nm were taken for CN~ and all complexes, respectively. The average
thermodynamic stepwise formation constants were reported as (kK9)-1 =
0.20.05 mol dm-3, and (K9)-1 = 13,444 mol dm-3. The overall thermodynamic
formation constants were calculated by the evaluator for 293 and 298 K
using these constants, the Bg values in Table 1, and the equation
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_ o0 o
Bn = Bn-1¥p [20]
It should be pointed out that Ricci (33) arrived at a set of Kgo and Bg
values in a manner similar to that employed here. Ricci used Randall
and Halford's (8) K%I (cf. eq [8]) together with an older value of K_=

4 x 10_10 (34) to calculate Bg from
o _ o 2,0
B2 KII/(KaKSO(AgCl)) [21]
TABLE 1 Tentative values for Kgo and Bg
293 K 298,2 K
constant* volume basis weight basis vol basis wt basis
1016K§0(AgCN) 0.48+0.27 0.48 1.01.0 1.1
12,0
10 KSO(AgAg(CN)z) 2.,4*x1.0 2.4 4,2+0,5 4.3
-4_0
10 Ks2 4.8+2.6 4,8 4,1+0.7 4.1
10 1082 <3 <3
107209 9.9£2,7 10.0 3.9£0.8 3.9
1072169 4.7+2.8 4.7 2.00.8 2.0
107209 3.5:2.8 3.5 1.50.9 1.5
10192 (sew) 4.36 4.37 6.17 6.18

*A1l conversions were made from volume to weight units. The relation used

was Kg = Kg/dg where do = density of pure water, The units are:

Ke, = mo12™® gm3(n=2) op po12-m kgn'2
B, = mol™® am3? or mol™® kg™
K, = mol am™3 or mol kg—1

19

Riceci's value of Bg = 7.1 x 10 is clearly in error as are his values of

K2, (AgeN) = 1.2 x 10716 ana k2 (agag(cN),) = 1.0 x 10712 calculated, re-

spectively, from egs [10] and [18]. Butler (31) employed a similar method
starting with Ricci's value for Koo(AgCN), and a non-referenced value of
Kgp = 4.2 x 104 as the basis for his BQ values. Butler's results are in
close agreement with the tentative values for 298.2 K presented in Table 1.

2. Thermodynamic functions. Due to the large errors associated with the
tentative values of the equilibrium constants, it is doubtful that a calcu-
lation of AC®, which involves double differentiation, would be of any
significance. It is also felt that on the basis of two values of AGP (at
293 K and 298 K), a tentative value of AHO is of little significance. The
derived AHO values reported in Table 2 below should therefore be regarded
as provisional values which demonstrate the need for additional studies on
the AgCN/H20 system. In Table 2, all AGP values were computed for 298.2 K,
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and AH® values were obtained from plots of log K against the reciprocal of
the two temperatures., 2All data are based on volume units.

Solubility of AgCN at 298.2 K

1. The binary system, In the binary AgCN/H20 system, the intrinsic solubil-
ity of AgCN is given by the two mass balance equations

Cag * [agT] + é? Kgn[CN—]n-l [22]

TABLE 2 Derived Thermodynamic Quantities at 298.2 K

reaction AG° /kJ mo1™t AHO /kJ mol”1

2AgCN(s) <+ aAg' + Ag(cN) 64.9%0.3 79.5%9.2

AgCN(s) <+ Ag” + cN™ 91.2%6.3 108+38

AgCN(s) + CN~ # Ag(CN); -121,6%1,1 -120%38

agen(s) + 2c8” ¥ agem %] -115,1%1.8 ~120+38

and c, = [cN"] + [HCN] + 55 nk® [en~17" L [23]
Ag T sn

Since Cag is small, all activity coefficients are assumed to be unity, and
the only mononuclear complex that need be considered is Ag(CN)E. Equating
[22] and [23] yields

[ag*]? = KO, (Agem) {1 + K2, + [H*][cN™1/k2) [24]

Elimination of [Agt]in this equation is accomplished with

[8%] -k,/ [8%1 = -[6"1[cN™1/K3 [25]
which yields the polynominal

[5°1° + 0" 1301 + &8, - (AgCN)/K°2} 2[8* 1%k, - 2[8" 1%k (1 + K_,)

+ [H+]K£ + KgKi(l +K,) = 0 [26]

In eqs [25] and [26], is the ionization product of water (1 x 10~14 at
298 K). Solving eq [26? by the Newton-Raghson iteration method, it is
found that [H"] =9.6 x 10~ mol dm—3 gAg = 2.1 x 106 (eq [24]), and
from eq [22], C Cag = 4.1 x 10~6 mol dm The 1dent1cal result is obtalned
if hydrolysis is”completely neglected, and Cpq = 2{r° O(AgAg(CN)z)}

$
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2. Solutions with excess CN . In the presence of excess CN_ the solubility
of AgCN is given by eqs [22] and

Cpg + © = [oN71+ [HON]  + fi nxsn[cn']n'l [27]
1

where ¢ is the concentration of added salt (e.g. KCN or NaCN), and K n has
been replaced by the concentration formation constant K Comblning eqs
[22] and [27] yields

[eN"1%(1 + kg, + [HY1/K,} - cloN] - K, (AgCN) = 0 [28]

Eliminating [CN™ ] between eqgs [25] and [28] yields

+45 +14 2 +13 +92
(6737 + [HT1"Ra{1+ K o + /K, - K o/R} - [H7]72K, - [H']72K K {1 + K, +

+a.,2 2 -
c/zxa} + [H ]Kw + KK (L + K_,) =0 [29]

once [H'] is calculated from eq [29], its value is used in eq [25] to cal-
culate [CN”], and the solubility of AgCN is obtained from

C =

-qn-1
Ag ]

Rg,[CN = K ,[en] [30]

oM™=

Consider solutions of 0.1 and 0.69 mol kg—l KCN which are saturated with
AgCN at 298K The concentration equilibrium constants are obtained from
K50 = Kso/y+ ; Ky= Ko/ﬁf ; and Kgy = KQ5. Assuming y: values for KCN are
equal to those for K (24), the follow1ng results were obtained: for c =
0.1 mol kg~l, [H*] = 2,06 x 10-9, [cN~=] = 2.45 x 1076, and Cag = 0.1 mol
kg=l. The effect of hydrolysis is small, but not strictly negligible since
the pH of the resulting solution is 8.69 (the pH of 0.1 mol kg-1 KCN in
water at 298 K is 10.89 as calcd by the evaluator). For c = 0.69 mol kg~ 1
KCN, saturation with AgCN yields the following: [H*] = 9,20 x 10-10 (pH =
9.04), [CN~] = 1.69 x 10~5, and Cpg > 0.69 mol kg=l, The results indicate
that the approximation in eq [30] is valid, and that practically all of the
added salt complexes with AgCN: i.e. Capg * ¢. Agreement between these cal-
culated solubilities and the experimental values of Bassett and Corbet (7)
is not expected to be very good since the experimental values contain an
error due to the presence of KOH impurity as discussed above.

3. Solutions with added HCN. The equilibrium of interest has already been
discussed: i.e.

AgCN(s) + HCN(aq) < HT + Ag(CN) [9]
The thermodynamic e%Uilibrium constant for this reaction is Kgng = (2.6 %
0.7) x 10-5 mol kg~1l as calculated from the data in Table 1 (Randall and

Halford (8) report a value of 3.77 x 10~5). The solubility of AgCN for an
initial concentration ¢ of HCN is given by
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2 0.0 0,0 _
cAg + CAgKaKsz CK_K_ o 0 [31]

Activity coefficients are neglected_since ionic concentrations are low:
thus for ¢ = 0.104 and 0.45 mol kg~l, eq [31] gives Cpq = 0.0016 and 0.0034
mol kg~l, respectively. The corresponding experimental values of Randall
and Halford are 0,00204 and 0.00427 mol kg-l. :

4. Solubility in NH3_solutions. Due to the high stability of Ag(CN),, the
equations describing the solubility of AgCN in NH3 solutions must account
for the presence of this complex ion. According to the conclusion above
that practically all free CN~ will combine to form the Ag(CN)3 complex, we
can expect the concentration of the complex to be equal to that of Ag(NH3)5.
Assuming that only CN~, Ag(CN)3, and Ag(NH3)+ exist when excess AgCN is
added to a NH3 solution of concentration c, %he mass balance requirements
give

Cprg = [Ag(cm3] + [ag(iy)]] [32]
and

Cag * [en™] + 2[ag(cW)]] [33]

Eliminating CAg yields

o o o 2 +12 _
Koo (ACN) (1 + K_,) - KN[NH3] [Ag’]“= 0 [34a]
or, upon rearranging,
+5 _ o o,1/2 o ,1/2
[2g7] = (K o/Kp) /71 + K ,) 7/ “/[NH,g] [34b]

The additional relationships required are the mass balance on NH, species,

c = [NH3] + [NHZ] + 2[Ag(NH3);] [35]

and the two equilibria

K2 = [Ag(Niy) 31/[Ag*1[NH,12 = 1.07 x 107 mo1™? am® [36]
and
x% = [nm}Ilon™1/[n8,] = 1.75 x 107> mol dm™> [37]

values of Ky and Kg were obtained from reference (35). The hydrolysis of
CN~ is negligible in this system, and assuming [NH}] = (cKB)1/2 (cf. ref 33)
the ammonia concentration at equilibrium is obtaineéd from

[NH,] = (o - (kD121 (1 + 22 (agemk P2} [38]

'

[Ag+] is now calculated from eq [34] and the solubility from eq [32]: i.e.

Cag = Koo (AgeMIKS,/[Ag"] + KyINH;1%[Ag"] [39]
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All attempts to compute CAg from eq [39] gave results which were 4-5 times
smaller than Lucas' experimental values. If Lucas' data are reliable,
which they appear to be, then failure to obtain reasonable values of Cp
from eq [39] must be due to the initial assumptions. This difficulty i$§

eliminated if, as suggested by Lucas, one considers the soluble species
Ag(NH3)(CN) which forms according to

AGCN(s) + NHy(ag) ¥  Ag(NH;) (CN) Kgqq1 [40]

The new relations required are

¢ = [NHy] + [NH]] + [Ag(NH,) (€M) ] + 2[Ag(NH;) ]

and (obtained from the above eq and eq [34b])
- 0,1/2 o ©y1/2 o ,1/2
[wHy] = {C - (ekp) }/{'+ Kg111 + 2(KgoXy)™" (1 + Kgp) } (1]
[Ag+] is again computed from eq [34b] and the solubility of AgCN is given by
_ O o + l¢] 2 +
Cag = Koo (AICMIRS,/[AGT] + Kyp  [NH;] + RylNH,17[Ag7] [42]

By a trial and error method ugsing Lucas' experimental data, it was found
that Kgy77 = 0.023. Lucas' K2 for the equilibrium
> - +
2Ag (NH4) (CN) (ag) <« Ag(CN), + Ag(NH4),

is related to Kslll by

02

o _ ,0.,0
= KOKS, (AgAg(CN) ,) /4KST [43]

K2 nKso
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VARIABLES: PREPARED BY:

One temperature: 20°% Mark Salomon

EXPERIMENTAL VALUES:

O
u

Ag 20 g/1l00 g H,0

[¢]
[

Ag = 1:09 mol kg™l (compilers calcn)

AUXILTARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS;

Nothing specified. NaAg(CN), was pptd from a satd soln
of NaCN and AgCN, The NaCN was pre-
pared by dissolving NagFe(CN)g with
1/2 equivalent of NapCO3 (solvent
not specified, but compiler assumes

COMMENTS AND/OR ADDITIONAL DATA: it to be water). No other details
were given. The author states that
The major objective of this paper the NaAg(CN); crystals were anhydrous

was to establish the stoichiometry
of the salt. The solubility was
simply mentioned as one of several
physical properties.

ESTIMATED ERROR:

Nothing specified.

REFERENCES ;
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AgCN-TI1CN;
(2) Water; H,0;

VARIABLES :

(1) Thallium dicyanoargentate (silver
thallium cyanide);

[7732~18~5]

ORIGINAL MEASUREMENTS:

EXPERIMENTAL VALUES:

Two temperatures: 0°c and 16°c

PREPARED BY:

Mark Salomon

solubility
t/°c g/kg solvent mol kg-l*
0 47 0.13

16 74 0.20

*Calculated by compiler

METHOD:

AUXILIARY INFORMATION

Nothing specified.

SOURCE AND PURITY OF MATERIALS:

The double salt was prepared by
adding AgCN to a solution of TICN.
The resulting crystals were analysed
and presumably found to be satis-

factory. No other details were
given.

ESTIMATED ERROR:

Nothing specified.

REFERENCES :

Fronmiiller, C. Ber. 1878, 11, 91-5,.



59

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; ; . &
[506-64-9] Longi, A. Gazz. Chim. Ital.

1883, 13, 87-89.
(2) Ammonia; NHj; [7664-41-7]

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

VARIABLES: PREPARED BY:

Temperature and concentration of NH3 Mark Salomon

EXPERIMENTAL VALUES:

solvent AgCN saturated solutions
wt ¥ specific g AgCN in
-1% -1%
t/%c NH;  gravity 100 g solvent [NH3]/mol kg 1 CAg/mol kg 1
12 0.5 0.998 0.231 0.30 0.017
18 10 0.96 0.519 6.52 0.043

*Calculated by compiler

AUXILIARY INFORMATION

—

METHOD: SOURCE AND PURITY OF MATERIALS:
Nothing specified. Most likely the
author analysed for AgCN gravimetri- Nothing specified.

cally by evaporation of a saturated
solution, or by addition of HNO, to
affect precipitation.

| COMMENTS AND/OR ADDITIONAL DATA:

This paper is a discourse on the

methoas of separation and identifi- ESTI -
cation of CN~-, C17, Br~, I, and MATED ERROR:

103 mixtures by precipitation with
AgNOj3, and redissolution with acid
and NH4.

Nothing specified.

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; A9CN; Hellwig, X. 2. Anorg. Chen.
[506~64-9] 1900, 25, 157-88.
(2) Silver nitrate; AgNO3;
[7761-88-8]
(3) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
Solubility determined in 3 mol dm >
AgNO3 at 25.2°C Mark Salomon
EXPERIMENTAL VALUES:
In 3 mol dm_3 AgNO3 solution at 25.2°C
- -3
[AgCN]Satd = 0.0091 mol dm

AUXILIARY

INFORMATION

METHOD:

Solutions prepared by adding AgCN to
a highly concentrated AgNO3 solution
until saturated was achieved. These
solutions were thermostated and water
added in steps to precipiate AgCN.
After each dillution aliquots were
taken for analysis., Only one result
for 3M AgNO3 was reported.
Equilibrium was carried out in sealed
glass flasks which were mechanically
agitated in the water bath. Aliquots
for analysis were taken after 4 h

(the author states equil is attained
within 2 h). All samples withdrawn
from the flasks were filtered through
a wad of cotton wool directly into a
pipet which was kept at 25,20C, Water
was added to the contents of the
pipet to ppt all the Ag9CN which was
collected in a Gooch crucible on an
asbestos mat. The ppt was washed and
dried to const weight. The wash

water and mother liquor were combin-
ed and AgNOj3 determined by Volhard
titration.

SOURCE AND PURITY OF MATERIALS:

The water used in the experiments
was repeatedly distilled and boiled
prior to use. The AgCN was pre-
pared by precipitation followed by
washing (no other details given),

ESTIMATED ERROR:
Nothing specified.

REFERENCES :
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COMPONENTS :

(1) Silver cyanide; AgCN;

ORIGINAL MEASUREMENTS:

Bottger, W. 2z. Physik. Chem. 1903,

One temperature: 19.96°C

[506-64-9] 46, 521-619.
(2) water; H,0; {7732-18-5]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

P———

BOttger reports two values for the solubility of AgCN, cAg'

1., 1In terms of AgCN:
- - -3
CAg = [AgCN]sat = 1.64 x 1078 equiv dm
2 =12 -
Kgo = (Cpg)? = 2.69 x 10 equiv® dm™~®
2. In terms of Ag-Ag(CN)z:
C, = [AgAg(cN).]._. = 1.50 x 107° equiv dm™3
Ag ghg 2-sat ¢ q
- 2 _ -12 2 -6
Kso = (CAg) = 2,25 x 10 equiv® dm

At these low concentrations, it may be assumed that activity coefficients
are unity and that thermodynamic equilibrium constants have been evaluated.

__

AUXILIARY INFORMATION

METHOD:
The soly was determined by conductiv-

ity measurements using the equation

Cag = 1000k (salt) /(] + A2) [1]

where Ag and A2 are the equiv conduct-
ances of Ag®™ and the anion (ohm~l cm?
equiv~l) at infinite dilution. k (sald)
is the specific conductance (ohm~lem=1
of the satd solns and is evaluated
from

K (salt)

k(soln) - K(HZO) [2]

SOURCE AND PURITY OF MATERIALS:
Analytically pure {(Merck) chemicals
used. Salts prepared by method of
Wagner (1): AgAg(CN)2 probably by
pptn from KAg(CN) 2 and AgNO3 solns,
and AgCN by pptn from AgNO3 and KCN
solns. Both ppts soaked, agitated and
Ho0 changed several times a day for
several days. KC1l purified by pptn
from a satd aq suln with alcohol (3
times). Laboratory distilled water was

redistilled from an all_tip-plate
still an storeg ig a %lasﬂ %%tte

with a drving tube with NaOH and CaO.

where k(soln) is the specific conduct-
ance of the satd soln and k(Hy0) is
that for pure water. The conductivity
cells which employed Pt electrodes
were designed to prevent entrapment of

ESTIMATED ERROR:

air bubbles. After sealing, the entire
cell was immersed in a water bath and
rotated. Equil taken when conductivity
remained const within experimental
error (usually within 20-~30 min)., The
bridge and thermometer were calibrat-
ed, and the cell constants determined
by using 0.010M KCl solution.

—

Solubility: *9-12% (compiler)
Resistance measurements: *0,006-0,01
x 10”6 ohm~

Temperature: +0.01 - 0.02°C
REFERENCES :

1, Wagner, Ber. d. Ver. Deut. Natur.

und Arzte 1902,

2. Kohlrausch, F. Sitzungsber. d. Akaé

d. Wissench., 1902, 42, 1031.
3. Ostwald, Lehrbuch d. Allgem. Chemie
4, Nernst; Lob, 2. Physik. Chem.

1888, 2, 948.
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COMPONENTS : ORIGINAL MEASUREMENTS: (Continued)
(1) Silver cyanide; AgCN; Bottger, W. z. Physik. Chen.
[506-64-9]

1903, 46, 521-619.
(2) water; H,O0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The three experimental values for k(AgCN) are 0,206 x 10—6- 0.213 x 10'6;
and 0.170 x 106, BBttger takes an average of 0.194 x 10"é whereas the
compiler calculates (0.196%0.023) x 10-6, The standard deviations for

k (Hp0) and k(soln) are, respectively, #0.002 and #0.023 x 106 combining
these with the error due to the limit of observation (+0.008 x 10~%) the
compiler obtains

k (AGCN) = (0.194:0.024) x 10~°

ohm™1 cm—l

Similarly for the measurements on silver dicyanoargentate,

k (AgAg (CN) ) = (0.154£0.009) x 1076 ohm ! em™?

based on the experimental values of k(AgAg(CN),) = 0.144 x 10—6, 0.165 x
10"%, and 0.148 x 10-6, To evaluate the limiting equivalent conductances
at 20°C, BBttger used the relation

2%(20°%) = 1°(18%) {1 + (18 -~ t)} [3]

where o = temperature coeff and t = °C. For Ag*, o = 0.0229 (2) and A§ =
(18°C)= 54.5 (recalculated by Ostwald (3) using the original data of Nernsf
and Lob (4) ). For CN~ BBttger estimates A%(18°C) = 56 based on data from
Ostwald (5) and Bredig (6). The value for o 1s 0.022 and presumably

comes from Kohlrausch (2). For Ag(CN)j3 at 18°c, Bbttger estimates a value
of 43.3 based on data from references 5 and 6. The value for o = 0.024 for
Ag(CN); was (again presumably) taken from Kohlrausch. From eq [3], the A°
values at 20°C in units of ohm~l cm? equiv-l are:

2% (agh) = 57.0 : A°(cNT) = 58,5 ; A°(ag(cN) )= 45.4

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES ;
5. Ostwald, kxlassiker. 23, 35.

6. Bredig, z. Physik. Chem. 1894,
13, 232-270.
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C?MPONENTS: [ ] ORIGINAL MEASUREMENTS:

1) Silver cyanide; AgCN; |[506-64-9

(2) Silver chloride; AgCl; Lucas, R. Z. Anorg. Chem, 1904,
[7783-90-6] 41, 193-215.

(3) Potassium chloride; KC1l;
[7447-40-7]

(4) Potassium dicyanoargentate;
KAg(CN)5; [506-61-6]
(5) Water; Hp0; [7732-18-5]

VARIABLES: PREPARED BY:
Direction from which equilibrium is
approached. Temperature is 25°C. Mark Salomon

EXPERIMENTAL VALUES: The equilibrium studied was

AgAg(CN) ,(s) + KC1 ¥ KAg(CN), + AgCl(s) K; [1]
The solubility product for AgAg(CN)2 is calculated from
K; = [Ag(cw);1/[c17] = K, (AgAg(CN) ,) /KS, (AgCL) [2]
Experimental results are given below (concentrations in mol dm-3).
[ke1l, . - 12,0 4 2, =6
init [xkag(em .15 4¢ [KAg(CN)z]equil K; 107K g*/mol“dm
0,0973 —— 0.00250 0.0264 4,65
0.2038 ———— 0,00519 0.0261 4.54
——— 0.101 0.00249 0.0253 4,44
*Recalculated by the compiler: see METHOD,.
Average values calculated by the compiler are:
Ky = 0.026 + 0.006
k2, (AgAg (CN) ) = (4.520.1) x 107-% mo1? anm™®
= o ,1/2 - -6 -3
CAg (Kso) /Y, (2.13+0.03) x 10 mol dm /yi
where Y, is the mean molar activity coefficient.
AUXILIARY INFORMATION
METHOD: :
Solution of KC1 + Ag-Ag(CN)2 or AgCl SOURCE AND PURITY OF MATERIALS:
+ KAg(CN)2 equilibrated isothermally Nothing specified.
by shaking 1-2 d (no details on how
equil was ascertained). The soln was
rapidly filtered and AgsS pptd from
aliquots with NazS. The ppt was wash-
ed, dissolved in dil HNO3, and Agt de-
termined by titrn with NH4SCN. Using
point No 2 as an example, K is calcd
from
Ky = 0.00519/(0.2038 - 0.00519)
The author uses Thielig value (1) of |ESTIMATED ERROR:
Kgo (AgCl) = 2,0 x 10~ determined in o . -
M Kgl. Assuminglyi =0.60, K8g (AgCl)= Kgo: 0 = #2% (compiler)
Kgoy$ = 7 x 10-11 which is incorrect. .
Using the NBS value** KQp(AgCl) = Nothing else was specified.
1.754 x 10~10, the compiler recalcula-
ted K3 (AgAg (CN)3) from eq [2]. Since | REFERENCES:
a ratio of concentrations is used in 1. Kuster, F.W.; Thiel, A. 2. Anorg.
eq [2], activity coefficients probably Chem. 1900, 24, 25.
cancel, and the use of K8y (AgCl) gives| 2. Wagman, D.D.; Evans, W.H.; Parker,
the corresponding standarg value V.B.; Halow, I.; Bailey, S.M.;
KgO(AgAg(CN)z. Schumm, R.H. U.S. National Bureau
2 -6 of Standards TN-270-3. 1968; and
**Converted to mol“ dm by compiler, TN-270-4. 1969.
S
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COMPONENTS :

(1) Silver cyanide; AgCN; [506-64-9]

(2) Silver bromide; AgBr;
[7785-23-1]

(3) Potassium bromide; KBr;
[7758-02-3]

(4) Potassium dicyanoargentate;
KAg(CN)5; [506-61-6
(5) Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:
Lucas, R. Z. Anorg. Chem. 1904,
41, 193-215.

VARIABLES :

Direction from which equilibrium is
approached. Temperature is 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: The equilibrium studied was

>
+“

AgAg(CN)z(s) + KBr

KAg(CN)2 + AgBr(s)

K

II [1]

The solubility product is calculated from

Kyp = [Bg(em);1/[Br™] = K3, (Ag Ag(CN) ,/KJ ) (AgBr)

The experimental results are given in
are mol dm~=3) .

(2]

the table below (concentration units

12,0 , 2 -6

[KBr]init [KAg(CN)ZJinit [KAg(CN)z]equil Kip 107K 4*/mol” dm
0.10375  —-—--- 0.09084 7.036 3.76

0.0515  ====- 0.04570 7.879 4,21

----- 0.050 0.04387 7.157 3.83
*Recalculated by the compiler: see METHOD.
Average values calculated by the compiler are:

Kyp = 7.4 £ 0.5
KZO(AgAg(CN)Z) = (3,9%0.2) X 10"12 mo1? an”~®
Cag = (K301 1/2/y, = (1.98£0.06) x 107° mol an™>/y,
where y; is the mean molar activity coefficient.
AUXILIARY INFORMATION

METHOD:

Mixtures of KBr + AgAg(CN)j or AgBr +
KAg(CN) 2 with water equilibrated iso-
thermally with shaking 1-2 d4 (no
details on how equil was ascertained) .
The soln was rapidly filtered and
aliquots taken and AgpS pptd with
NasS. The ppt was washed, dissolved
in dilute HNO3, and Agt determined by
titrn with NH4SCN, Using point No. 1
as an example, K11 is calculated from
Kip =(0.09084/(0.10375-0,09084)

The author uses Thiel's value (1) of

SOURCE AND PURITY OF MATERIALS:
Nothing specified.

Kgp (AgBr) = 6.56 x 10-13 in 1 mol
dm-3 KBr. Correcting for activity ef-
fects (y: = 0,62), KQg(AgBr) = Kgoy2

= 2,52 x 10713 which is clearly in ér-
ror. The NBS value** for KZq(AgBr) =

ESTIMATED ERROR:
Kgoz o = + 3% (compiler)

No other details available.

5.35 x 10-13 and the compiler has
used this value (2) to_recalculate

KS, (AgAg (CN) 2 from eq 21, Since a
ragio of concentrations is used in egq
[2], activity coefficients probably
cancel, and the use of KZq(AgBr) gives
the corresponding standard value

REFERENCES ;

1. Kuster, F.W.; Thiel, A. Z. Anorg.
Chem. 1900, 24, 25.

2. Wagman, D.D.; Evans, W.,H.; Parker,
V.B.; Halow, I.; Bailey, S.M.;
Schumm, R.H., U.S. National Bureau
of Standards TN-270-3. 1968, and

§g8(AgAg(CN)z).

onverted to molZ?dm-6 by compiler.

TN-270-4. 1969,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; [506-64-9]

(2) ?i%gifgggéﬁcyanate' AgSCH; Lucas, R. Z. Anorg. Chem. 1904,
(3) Potassium dicyanoargentate; 41, 193-215,
KAg(CN)2; [506-61-6
(4) Potassium_thiocyanate; KSCN;
[333-20-0]
(5) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

Direction from which equilibrium is

approached, Temperature is 25°C. Mark Salomon

EXPERIMENTAL VALUES: The equilibrium studied was

AgAg (CN) ,(s) + KSCN z KAg(CN), + AgSCN(s) Ky [1]
The solubility product for AgAg(CN)2 is calculated from
= - -1 - O o

Krrp =[Ag(cw);1/[sCN] = K, (AgAg(CN) ,) /K], (RGSCN) [2]

The experimental results are given below (concentrations in mol dm—3).
12,0 2 -6

[KSCN]init [RAG(CN) 51, ¢ [xAg(CN)2]equil Kirg 107“Kg5/mol” dm
0.1093 ——— 0.0827 3.109 3.10
0.0536 ——— 0.04051 3,095 3.09

———— 0.05361 0.04023 3.007 3.00
*Recalculated by the compiler: see METHOD,

Average values calculated by the compiler are:

Kigp °© 3.07%0.06

KO, (AgAg (CN) ,) = (3.060.05) x 10712 mo12 am™®

C = (K° 1/2

- -6 -3
Ag /¥y, = (1.75%0.02) x 107° mol dm ~/y,

where y, is the mean molar activity coefficient.

—

AUXILIARY INFORMATION

—

METHOD: SOURCE AND PURITY OF MATERIALS:
Solutions of KSCN + AgAg(CN)j; or
AgSCN + KAg(CN)j equilibrated isother=-| Nothing specified.
mally by shaking 1-2 4 (no details on
how equil was ascertained). The soln
was rapidly filtered and Ag2S pptd
from aliquots with NazS. The ppt was
washed, dissolved in di1l HNO3, and Agt
determlned by titrn with NH4SCN. Using
point No. 1 as an example, Kirr is
calcd from

KIII = 0.0827/(0.1093 - 0.0827)
The author uses Abegg's value (1) of |ESTIMATED ERROR:

Kgo (AgSCN) = 1,25 x 10-12 which is todl KJ;: o = %2% (compiler)
high. The compiler used a more ac-

curate_value (2) of K8 O(AgSCN) = 9 97 No other details available.
x 10-13 (converted to mol 6

the compiler) to recalculate REFERENCES :

KQq (AgAg (CN) 3) from eq [2]. Since a 1. Abegg, R.; Cox, A.J. Z. Physik.
ratio of concentrations is used in eqg Chem. 1903, 46, 1.

[2], activity coefflcients probably 2. vanderzee, C.,E.; Smith, W.E.
cancel, and the use of K2 So (AgSCN) J. Am. Chem. Soc. 1956, 78, 721,

gives the corresponding standard
value Kgo(AgAg(CN)Z).

e
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COMPONENTS :

(1) Silver cyanide; AgCN; [506-64-9]

(2) Ammonia; NH3; [7664-41-7]

(3) Potassium dicyanoargentate;
KAg(CN)2; [506-61-61]

(4) Silver nitrate; AgNO3; [7761-88-8]

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

ORIGINAL MEASUREMENTS:

Lucas, R. Z. Anorg. Chem. 1904,
41,193 —215.

VARIABLES:

Concentrations of NH3, AgNO3, and
KAg (CN) 5, at 25°cC.

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
all concentrations in equiv am™3,

[(NH,] [agno,

[NH3]free

[xag(cN) 5] c

]init

init init Ag
0.09955 0.09297 -—— —_—— 0.00329
0.100 0.09354 ———— ——— 0.00323*
0.100 0.09327 —-—— —— 0.00337
0.1973 0.1838 —-—— ———— 0.006748
0.1975 0.1843 -—— ———— 0.00660%
0.296 0.276 ——— ——— 0.01065%*
0.2993 0.2790 ———— —— 0.010145
0.3353 0.3127 ———— ———— 0.01331
0.4760 0.4418 ——— —_—— 0.017115
0.4950 0.4604 ———— ——— 0.017308%*
0.490 0.459 ———— 0.005 0.01551
0.490 0.4615 ——— 0.01 0.01422
0.525 0.4813 0.005 ——— 0.016865
0.525 0.4813 0.015 —-——— 0.016085

*The salt, AgCN, for these studies was a commercial preparation (Kahlb&um);

the remaining studies used a salt pr

epared by the author.

AUXILIARY

INFORMATION

METHOD:
No details given: presumably solu-
tions were equilibrated isothermally
with shaking. The concentration of
free NH3(n) was calculated from (1)

n = p/13.42 / equiv am™3

where p is the vapor pressure of NHj3

in mm. The solubility of AgCN for

all the entries in the above table
was calculated from

[NH

soly = ([NHj] )/2

init ~ 3 free
For the last two entries in the above
table, the soly of AgCN was calcd
from

soly = ([NH3] [NH

init ~ 3 eree?/?

y 7 [AaNOglynse
Details on methods of analysis were

not given.

SOURCE AND PURITY OF MATERIALS:

AgCN was prepared by the author
(no details given) or by the firm
Kahlbaum, The ammonia was
"carefully purified,"” but again no
details were given.

ESTIMATED ERROR:
Based on the two measurements for
[NH33init = 0.100, av error of * 5%
was calculated by the compiler.

REFERENCES :
1. Locke; Forssall, Am. Chem. Jour.
1904, 31, 287.
2. Bodlander, G.; Fittig, R. 2.
Physik. Chem. 1902, 39, 597.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver cyanide; AgCN; [506-64-9]
(2) Ammonia; NH3; [7664-41-7] Lucas, R, z. Anorg. Chem. 1904,

(3) Potassium dicyanoargentate;

KAg (CN)2; [506-61-6]
(4) Silver nitrate; AgNO3; [7761-88-8]
(5) Water; H,0; [7732-18-5]

41, 193 - 215,

COMMENTS AND/OR ADDITIONAL DATA:

The two major equilibria in the system under investigation were

12 6

AgAg (CN) , (s) T agt o+ Ag(CN), 4.9 x 10712 mo12 am™

Ks0

8 6

AgNEy) 3 ¥ agh + 2nm, Kl = 6.8 x 1078 mo1? dm”

N
where Kgg was evaluated by the author in this paper (e.g. see the compila-
tion for the KCl and KBr exchange reactions), and Ky was taken from the
work of Bodlinder and Fittig (2). Elimination of [Ag*] from the two equa-
tions gives

[NH3]/GCAg = (KNKsO)-% = 117.8 [1]

where a is the degree of dissociation of the ion pair in the equilibrium

+ - > -
Ag(NH3)2- Ag(CN)z < Ag(NH + Ag(CN)2 K

)+
372 1
Using values of a ranging from 0.96 for the most dilute solution to 0.93 for
the most concentrated soln (2), Lucas calcd the quantity [NH3]/aCAg using
his exptl values, and found that this quantity equaled about 29 instead of
the theoretical value of 117.8. He therefore assumed the o values to be
wrong and using the exptl data, calcd the a values from

o = [NH;1/(117.8 x Cag) [2]

The resulting average value was a = 0.232 + 0.012., The individual values
for a (i.e. for each Cpg determination) gave rise to an additional problem
since K3 for the above equilibrium was no longer constant: Kj is defined by

Ky = cAguz/(l-a) [3]

Lucas found that if the ion pair equilibrium could be represented as

2Ag (NH3) (CN) (aq) ¥ Ag(NH3); + Ag(cN), K,

a constant value of Ky was obtained using the calculated a values in the
following relation:

K, = a®/4(1 - a)? = 0.023 % 0.003 [4]
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COMPONENTS :
(1) Silver cyanide; AgCN; [506-64-9]
(2) Potassium cyanide; KCN;
[151-50-8]

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

ORIGINAL MEASUREMENTS:

Bassett, H.; Corbet, A.S. J. Chem.
Soc. 1924, 125, 1660-75,

VARIABLES:
Composition at 25%

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

Composition of solution given in g salt/ 100 g solution.

KCN AgCN solid phase KCN AgCN solid phase
41.7 0.00 A 20.14 21.66 C
40.77 6.52 A 8.56 l6.11 C
39.91 8.14 A 8.05 15.76 D
40,24 10.93 A 8.93 17.73 D
40.44 13.71 B 6.75 13.53 E
37.76 18.92 B 2.36 4.42 E
35.19 25,18 B 1.64 3.27 E
28.43 26.37 C 1.26 2.31 -5 E
26.67 24.71 C 0.0 2.9 x 10 “(1) E

A = KCN

B = K3Ag(CN),+H,0

C = KAg(CN), [s06-61-6]

E = AgCN

AUXILIARY INFORMATION
METHOD:

Saturated solutions were prepd iso-

thermally by placing water and excess
solid in sealed waxed bottles. Prior,
to sealing, the air in the bottles was
flushed out with coal gas. The bottleg
were rotated in a thermostat for 4-5
d. Since the KCN contained KOH impur-
ity, solutions were prepd, when pos-
sible, from mixtures of double salts

and AgCN. The presence of KOH thus af
fected the system only for solutions
containing excess KCN. Aliquots of

SOURCE AND PURITY OF MATERIALS:

AgCN prepared in the dark by adding
cold KCN soln to AgNO3 until the ppt
redissolved. The soln was filtered
and AgCN pptd with HNO3 followed by
washing and air drying. The commercial
grade of KCN contained as much as 3%
KOH. KAg(CN)2 prepared by adding ex-
cess AgCN to boiling KCN, decanting,
and alluwing the soln to cool,
K3Ag(CN)4+H,0 was obtained by evap-
orating a solution containing KCN
and AgCN in a 3:1 mole ratio. Water

soln were removed by suction through
asbestos filter into weighed flasks
(all at 259C). Moist solids were pres-
sed on filter paper and weighed., Total
Ag in soln and solid determined by
boiling in con HNO3 and weighing as

ESTIMATED ERROR:
Nothing specified.

the chloride. To determine KCN in ex-
cess AgCN, AgCN,was pptd by adding
excess 1.0 mol dm—3 H2S04 and separa-
ted by filtration., The filtrate was
titrated with standard 0.5 mol dm~3
NaOH (methyl orange), and the total
alkalinity caled from the excess of
H2S04. In solutions of excess KCN

REFERENCES,:
1. Bodlander, G.; Lucas, R. 2z,

Anorg. Chem. 1904, 41, 192 (this
is a non-existent reference, and
the authors are probably referring
to ref 2).

2. Lucas, R. Z. Anorg. Chem. 1904,
41, 193,

when KOH was present, KCN was
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COMPONENTS :
(1) Silver cyanide; AgCN; [506-64-9]

{2) Potassium cyanide; KCN; [151-50-8]

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

2

ORIGINAL MEASUREMENTS: (continued)
Bassett, H.; Corbet, A.S. J. Chem,

Soc., 1924, 125,1660-75,

COMMENTS AND/OR ADDITIONAL DATA:

data are given below.

The compiler has converted the experimental data into molal units, and the

determined by distilling off HCN
from the acidified filtrate into an
alkaline solution which was then
titrated with 0.1M AgNO3 in the
presence of NH3 and KI.

[KCN]/mol kg™t [AgcN]/mol kg™t [KCN]/mol kg™t [ageN]/mol kg™t
10.98 0.0 5.314 2.780
11.88 0.924 1.745 1.597
11.80 1.170 1.622 1.545
12.65 1.672 1.870 1.806
13.54 2.233 1.300 1.268
13.39 3.262 0.339 0.354
13.64 4.746 0.265 0.257
9.659 4.357 0.201 0.179  _.
8.424 3.796 0.0 2.17 x 107%1)
|
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

was boiled and cooled in a current
of coal gas which was passed through
solutions of lead acetate and NaOH.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; [506-64-9] | Randall, M.; Halford, J.0. J. am.

(2) Hydrogen cyanide; HCN; [74-90-8] Chem. Soc. 1930, 52, 178-91.

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

VARIABLES: PREPARED BY:
Concentration of HCN at 25% Mark Salomon

EXPERIMENTAL VALUES: The solubility of AgCN is expressed in terms of the total
silver, Cpg, present in solution. Assuming the soluble species is Ag(CN)3,
then the experimental solubility can be represented by the equilibrium

AgcN(s) + HON % HY + Ag(em); Ky . [1]

All concentrations in the table below are in units of mol kg_l.

[HCN] Cag -log Ky [HCN] Cag -log K;

0.0296 9.83 x 10~%  4.488 0.2275 4.24 x 1073 4,100

-3% -

0.1016 2.04 x 1073 4,288 0.2325 3.16 x 10 3 4.368

0.1596 2.45 x 1073 4.422 0.3000 3.75 x 1073 4,328

0.1780 3.66 x 1073 4.134 0.3625 3.31 x 1073 4.508

0.1825 2.46 x 1073 4.396 0.4230 4.00 x 1073 4.420

0.2124 2,92 x 1073 4.394 0.4260 5.11 x 1073 4.212

0.2245 2.72 x 1073 4,482 0.4465 4.27 x 1073 4.390
The authors report an average value of Ky = 4.45 x 10-5 mol kg-l.

Based on the above data, the compiler obtains an average value of

K; = (4.6%1.5) x 1073 mol kg™t

*A misprint in the original paper incorrectly lists this as 2.04 x 10~4.

AUXILIARY INFORMATION

METHOD: ' SOURCE AND PURITY OF MATERIALS:

HCN, benzene, and excess AgCN were AgCN was prepared from AgNO3 and KCN,
placed in stoppered bottles and rotat- HCN was prepared by adding 9 mol dm~3
ed in a thermostat at 250C for several|H;SO4 to KCN and collecting the gas
days. HCN concentrations in the ag in Hy0. No other details were given,
phase were determined by extraction
from the benzene and titrated with
standard NaOH. CN™ concentrations were
determined by placing samples in
excess NaOH and titrating to an end
point with KI (i.e. method of Liebig).
In a few cases, equilibrium was
approached from supersaturation.

ESTIMATED ERROR:
Nothing specified.

REFERENCES ;
1. Lewis, J.N,; Randal, M. Thermo-

dynamics and the Free Energy of
Chemical Substances. McGraw-Hill.
N.Y. 1923.

2. Randal, M.; Young, L.E. J. Am.
Chem. Soc. 1928, 50, 989.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; [506-64-9]

(continued)
[Randall, M.; Halford, J.0. J. Am.
(2) Hydrogen cyanide; HCN; [74-90-8] [chem. Soc. 1930, 52, 178-91,

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

COMMENTS AND/OR ADDITIONAL DATA:
The authors also made three measurements on the equilibrium

AgCl(s) + HCN(aq) < 28" + c1™ + ag(en); 5 K9 = 1.9 x 1072 mo13 xg™3 [2]

where K?I was obtained by extrapolating a plot of -log Kyr against u1/2 (u
is the ionic strength). There is enough scatter in this data to gquestion
this extrapolated value. Similarly the authors plot -log(Ki(av) ) and the
average ionic strength (0,.,0031 mol/kg) "with the aid of the curve for HC1"
to obtain Kg = 3.77 x 107>, Combining eq [2] with the dissociation reaction

HCN(aq) % HY + oN” K, = 2,05 x 1077 mol dm> [3]
results in
o _ .0 2,0 _ 18 -2 2
B, = Kpp/KK (AgCl) = 2,62 x 107" mol © kg [4]
where Bg is the overall formation constant for the reaction
agt + 2087 ¥ ag(em); (5]
Combining eqs [1] - [3] gives the solubility product for AgCN:
o _ .0 o o _ <15 2 -2
K o (RgCN) = Ky*K, K o (AgCl) /K3y = 7 x 10 mol“ kg [6]

The values for 88 and Kgo(AgCN) are certainly in error. The major source
of this error 1s not due to the questionable evaluation of K@ or K@y, but
rather to inaccurate thermodynamic data (1,2) for KQ,(AgCl) and Ky which
were available to the authors at the time of this research,

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS;

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) silver cyanide; AgCN; [506-64-91 | o\ cnin R, 5. chim. phys. 1945,
(2) Potassium cyanide; KCN; [151-50-8] 42, 28-30.1
(3) Potassium nitrate; KNO3;
(7757-79-1]
(4) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
One temperature: probably 20°% Mark Salomon

EXPERIMENTAL VALUES:

The e.m.f.'s of cell [1] were measured as 0.1 mol dm
into a 0.0952 mol dm~3 KCN solution.

"3 AgNO3 was titrated

Pt,H,/KCN (0.0952M) / Ag ' (1]

The titration curve showed three well defined plateaus corresponding to the
following electrode reactions:

agem); + e ¥ ag + 20N E = E, + 0,058 log {[Ag(CN);]/[CN_]é}[ZJ
AgAg(CN) , + e~ Y ag + Ag(CN) E = E; - 0.058 log[Ag(CN);] (3]
agt + e~ ¥ ag E = E; + 0,058 log[ag™] [4]

The determined values of E1, E;, and E3 were used to calculate the solubil-
ith product for Ag<Ag(CN); and the gtability constant for Ag(CN)3. At an
ionic strength of about 0.1 mol dm~3 and a temperature of about 20°C, the
author reports the following:

-6 -11.4 12

Kso(AgAg(CN)z)/molzdm = 10 = (4.0%0.9) x 10~

8, / mol™2 am® = 10298 = (6.3:1.2) x 10%°

The errors in Kgo and 8, were calculated by the compiler and are standard
deviations based on the estlmated error of *0.005 V in the e.m.f. measure-
ments.

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
Experimental details not provided. It ) .
appears that a hydrogen reference Nothing specified.

electrode was used, but details on its
construction and use were not given,
No temp is specified and it is assumed
that it was about 20°C (based on the
Nernst factor of 0.058 V used by the
author). A glass electrode was used to
measure the pH during the titrn: thus
from a materials balance and a pK; =
9 1 for HC? (no reﬁerence given), both
[cn-1 and lag(cN)3] could be calcd at
any point on the titrn curve, Based

on the definitions of Kgg (AgAg(CN)3) ESTH%?Q)ERM?; N
and 87, the following relations were E.m.f.'s: *5 mV (est. by compiler)

given: Temperature: +1°¢ (compiler)
E, = E; - 0,058 log B, [5]
_ REFERENCES:
E3 - E1 M 0¢058 log Kso(AgAg(CN)Z) 1. See also Gauguin, R. Ann. Chim.
[6] 1949, 4, 832,

2. Davies, C.W,., Ion Association.

Neglecting the two last data points Butterworths. London. 1962

for the highest [Ag(CN)3], the averag
of 7 points for E3 is -8.395i0.002v T
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver cyanide; AgCN; [506-64-9] | Gauguin, R, J. chim. Phys. 1945,
(2) Potassium cyanide; KCN; [151-50-8]| 42, 28-39.%1

(3) Potassium nitrate; KNO3;
[7757-79~-1]

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

COMMENTS AND/OR ADDITIONAL DATA:

Using the Davies equation (2),

log v, = -aut/2/(1 + w1/2) + 0.3mm [7]

the compiler calculates a mean molar activity coefficient of y+ = 0,782 at
20°C (A = 0.507 mol~1/2 am3/2 and U = 0.1 mol dm~3). The standard equili-

brium constants are

o _ 2 _ -12 2 -6
Kso(AgAg(CN)z) = Ksoyt = (2.,4%1,0) x 10 mol® dm
8 = 8,/ v2 = (1.020.2) x 10%! mo17? an’
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

(standard deviation in E2 calculated
by the compiler). Neglecting the last
two points in the second plateau
region for the smallest [Ag(CN)3]
values (i.e. for the data in the sat-
urated solns), 9 e.m.f.'s were aver-
aged to give E3 = 0.152+0,003 V
(standard deviation calcd by the com-
piler). E} was determined from those
data points lying on the third
plateau (i.e. in solns containing ex-
cess AgNO3). Only one data point is

given: E = 0.650 V for [Ag*t] = 0.00432

mol dm-3. Using eq [3] these data give |ESTIMATED ERROR:

Ej] = 0.796 V: however the author re-
ports a value of 0.81 V for E1. This
latter value was used to calculate the
equilibrium constants, In another set

of experiments, the author measured REFERENCES :
the e.m.f.'s of cells containing HC1lO4
with either KAg(CN)2 or saturated AgCN
while adding KOH. Both E2 and E3 were

found to be independent of pH over the
range of pH = n 0.3 to 10 (AgOH ppts

at pH > 10).

S

SDS—g
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Potassium dicyanoargentate;
KAg (CN) 5 [506-61-6] Noonan, E.C. J. Am. Chem. Soc.

1948, 70, 2915-8.
(2) Water; H,0; [7732-18-5]

VARIABLES: PREPARED BY:

One temperature: 5.0 Mark Salomon and W.A. Van Hook

EXPERIMENTAL VALUES:
The solubility of KAg(CN)2 in H,0 at 5.0°C was reported as

Cpg = 1-290 mO1/100 mol H,0 (0.716 mol kg™ 1%)

*Compilers' calculation.
AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
Nothing specified, but compilers Commercial reagent grade salt was
assume method was identical to that recrystallized at least twice.
for the Dy0 systems which Treatment of water was not specified,
are described in detail in this paper.|but may be similar to that for D20:
The soly in D20 was determined by i.e. distillation from alkaline

evaporating a weighed sample of satd permanganate,
soln to dryness and weighing the
residual salt. All determinations
performed in duplicate.

ESTIMATED ERROR:

Soly: nothing specified, but author
indicates a reproducibility of #0.5%
for soly in D20.

Temperature: at least *0.05°C.

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:

§l) Silver cyanide; AgCN; [506-64-9] Kolthoff, I.M.; Stock, J.T. J. am.
2) Potassium dicyanoargentate; _
KAg (CN) 2; [506-61-6] Chem. Soc. 1956, 78, 208l1-5.
(3) sodium hydroxide; NaOH;
{1310-73-2]
(4) water; H,0; [7732~18-5]

VARIABLES: PREPARED BY:
Concentrations of KAg(CN)2 and NaOH
at room temperature (22-24°C). Mark Salomon

EXPERIMENTAL VALUES: -3

All concentrations given in mol dm ~. The total soly of AgCN is denoted by
S which is the sum of the concentrations of Ag(CN)3 and Ag(CN) (OH)~. The
initial concentration of potassium dicyanoargentate, [KAg(CN)2]linitsis
0.004 mol dm~3 in all cases.

3 3 - * 4 ~ 16.,0
[NaoH], .. 10° s 10°[Aag(eM) 5 ]s o 10°[Ag(CN) (OHY] 107°K_, (AgCN)
0.1 4,12 3.89 2.3 3.0
0.15 4,15 3.85 3.0 2.6
0.2 4.18 3.82 3.6 2.3
0.3 4.26 3.75 5.1 2.2
0.4 4.34 3.67 6.7 2.1
0.5 4.41 3.60 8.1 2.1
0.6 4,54 3.46 10.8 2.3
0.7 4.59 3.41 11.8 2.1
0.8 4.73 3.28 14.5 N 2.3
0.9 4.84 3.17 16.7 2.4
*Calculated by the compiler from eq [8] in the authors' paper:
- i} - _ - 1
[ag(em) ;1 o0 = [Ag(eN) 1y 4, - 1/2[Ag(CN) (OH)] [1]

The average value of the standard solubility product at 22-24°%C is

k2, (AgCN) = (2.3£0.3) x 1071 1012 a6
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

An amperometric titration method was

employed using the cell C.p. grade reagents and conductivity

water were used to prepare all solns.
KAg (CN)2 solns prepared by stoichio-

P

t(Ag)/KAg(CN)2(0.004M), NaOH (xM) /ref metrically combining KCN and AgNO3

[2]] solutions. All solns were deoxygen-

where the reference electrode is a ated by means of a stream of Na.

satd calomel and Pt(Ag) is a silver
Plated Pt rotating microelectrode. A
potential difference of -0.15 V was
maintained between the two electrodes
during the addition of AgNO3. As AgNOj3
soln was titrated into the cell, the
Current increases until pptn occurs Eggi%ggﬁﬁgﬁROR:
K

: : av *1% (compiler)
and at which point., the slope of a : +44§ (authors); ¢§2% (compiler)
plot of current vs AgNO3 abruptly Amgero&etric endpoiné- 1x10-5mol dm~—3
Changes. The concentration of added * *

. (o]
silver at this point is the "turbidity| Temperature: 23 :1%C

Concentration," and the equilibrium REFERENCES :

existj i
islstlng between the soluble species 1. owen, B.B.; Brinkley, S.R. J. Am.

Chem. Soc. 1938, 60, 2233.

+ - - _ 2. Ri .E.77. : ;
Ag* + 208 + Ag(eM); ¥ 2ag (OH) (cN) [3] c;g:f'lg47' ZI’P§§§50C°11°1d
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COMPONENTS ¢

(1) Silver cyanide; AgCN; [506-64-9]

(2) Potassiun alcyanoargentate; Kolthoff, I.M.; Stock, J.T., 7. am.

(3) Sodium hydroxide; NaOH; Chem. Soc. 1956, 2081~5.
[1310-73-2] )

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

ORIGINAL MEASUREMENTS: (continued)

COMMENTS AND/OR ADDITIONAL DATA:

The equilibrium constant for reaction [3] is given by

ks = [ag(am) (0m) "1%/[ag* 1on™ 1P [ag (e 31 = [ag(em (om "1%8, Y/ fag"1? x
[ 1%[on™ 1%} [4]

where By is the overall formation constant for Ag(CN)$. At the turbidity
point, the soln is satd and the solid phase is AgCN: hence eq [4] becomes

k2 = [ag(cn) (on) “128;1 /K2, (agew) [on™1? [5]

Experiments were also carried out with additions of KBr in which case the
precipitating moiety at the turbidity point is AgBr: hence

K = [ag(cN) (om) "1[Br"1/K , (AgBr) [on™1%[Ag (M) ;] (6]

Eq [6] was used to evaluate Kg at 25:0.1°C taking K9g(AgBr)= 5.0 x 10713
(1). From eqg [1], it is seen that [Ag(CN) (OH)~] is twice the turbidity
concentration (t) of AgNOj minus a correction ¢ for the formation of
argentate (AgO~):

[Ag(CN) (OH)"] = 2¢ - ¢
Thig correction is small for solns containing Ag(CN)E (i.e. ¢ ~ 10 6 mol
dm'3). With the K{ value of 3.420.8 x 106 evaluated for 25°C, the authors
compute K@y for 22-249C for each data point listed in the table above (eq
[5]). It is assumed that all effects due to activity coefficients cancel
in egs [5; and [6]. The value for By required in eg [5] was taken as

7.1 x 1019 (2). The authors also calculated the equilibrium constants of
the following reactions at 25°C:
Ag(CN), + OH” < Ag(CN) (OH)™ + CN~ B
+ - > -
Ag  + OH + CN < Ag(CN) (OH) c
o _ 0,,0,1/2 _ =7
Kg = (KA/BZ) 2.27 x 10
o . o ,0,1/2 _ 13 -2 6
Kc (KA 82) 1.6 x 10 mol dm

The compiler would like to point out that as a result of the preparation
of AgAg(CN)> from KCN and AgNO3, and the titration of the former with
AgNO3, both NaNo3 and KNO3 may, formally, be considered as additional com-
ponents in this complex system.

The authors quote an average deviation of *44% in their Kgg(AgCN) value at
22-249C. However based on the data in the above table, the compiler
computes a standard deviation of *12%. The authors do not describe how
they arrived at their average error.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) silver cyanide; AgCN; [506-64-9]| Azzam, A.M.; Shimi, I.A.W. 2. Anorg.
(2 Y d
) ?igifgégg]cyani e; KCN; Allg. Chem. 1963, 321, 285-92.
(3) Potassium nitrate; KNO3:
[7757=79=-1]
(4) Water; H,0; [7732-18-5]

VARIABLES : PREPARED BY:
Ionic strength at 25°% Mark Salomon

EXPERIMENTAL VALUES: -3
Although the ionic strength was varied from 0.005 to 1.0 mol dm =, the
equilibrium constants vary randomly thereby preventing any extrapolation to
zero ionic strength. The data presented below are therefore average values
based on the data for each ionic strength. The standard deviation of the
average values of each equilibrium constant was calculated by the compiler.

2ageN(s) ¥ Ag' + Ag(ON)] K o (AgAG(CN),) = (5.83%0.25) x 10" 1201246
> .+ - ) -16 _ .2 . -6
AgCN{(s) <« Ag + CN Kso(AgCN) = (1.46%0.40) x 10 mol® dm
agt + 28" T Ag(CN) B, = (2.8:0.3) x 102% mo172 am®
agt + 38T T agem 3T By = (9.57:0.02) x 102! nol™3 am®

Values for B3 calculated from those data in the region for [agl/[cn] =
1/4.5 to 1/6.5. 1In the region for [Ag]/[cN] = 1/2.9 to 1/5, both Ag(CN)g-
and Ag(CN); were assumed to exist and By evaluated from this data.

AUXILIARY INFORMATION

\

————

METHOD: SOURCE AND PURITY OF MATERIALS:

Equilibrium constants determined by Most of the materials used were of
Potentiometric titration using the analar grade. The KCN, which lost
cell 0.5% weight upon melting, analysed

as 99.5% by volumetric CN analysis.
All solutions were prepared with
conductivity water.

NH4NO3

agar bridge!'calomel

The initial AgNO3, KCN soln in which
[Ag]/[cN] = 1/6 was placed in the
cell, thermostated, and titrated with
AgNO3. [Ag*] determined from the
Nernst eq and the remaining concentra-
tions caled from mass balance consid-

satd

Ag/AgNO;, KCN

erations: the hydrolysis of CN~ was |ESTIMATED ERROR:
taken into account_and K for HCN was | An error of +10 mV in the e.m.f.

taken as 7.9 x 10710, Equilibrium gives av error of *30% in the Kgg
was taken when the e.m.f. remained value.
Steady or when the change was less Temperature: not specified.

than 10 mv in 15 min. Five constant REFERENCES ;
ionic strength solns were used where
W=1,0, 0,25, 0.05, 0.01, and 0.005
mol dm‘g. The experiments were re-
Peated two or three times for each
ionic strength.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; [506-64-9] %2sakb, J.; Petri, E. Rev. Roumaine
(2) pPotassium cyanide; KCN; Chim. 1968, 10, 571-80.
[151-50-8]
(3) water; H,O; [7732-18-5]
VARIABLES: PREPARED BY:
One temperature: 20.5% Mark Salomon

EXPERIMENTAL VALUES:
Ionic strength constant at about 0.01

mol dm~3 The results are reported

in terms of standard values of the equilibrium constants at 20.5°C.

2ageN(s) T agh + agem); %, (ag Ag(CN),) = 4.5 x 10712 mo1? am™®
agt + 2087 ¥ Ag(em); 89 = 7.1 x 10%% mo17? am®
agt + 3o8T ¥ agiem 2T 8 = 6.4 x 102 mo1™? an®
Using the relation
k2, (AgcN) =\/ k%, (AgAg (CN) ,) /8
the compiler has computed the solubility product for AgCN:
AgCH(s) © ag* + on" k2, (agcN) = 8.0 x 10717 mo1? am™®
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

Potentiometric titrations with 0.2
mol dm~3 AgNO3 were carried out using
the cell

Ag/KCN(0.01)//satd calomel

The cell was thermostated and the
titrations carried out both with and
without stirring. In the latter case,
natural gas was passed over the soln
during the titrn. The titrn curve
showed three distinct pleateaus cor-
responding to Ag(CN)4~, Ag(CN)3, and
the pptn of AgCN according to

Ag + Ag(CN)z 2AgCN (s)

Equil constants were calcd by Sillén's
method (1) and due allowance was
made for the hydrolysis of CN~

-
'

All solutions were prepared from
chemically pure reagent grade mater-
ials. Analyses were performed by
potentiometric titrn (results not
given). For reproducible Ag indicator
electrodes, Ag wire was plated with
Ag from a cyanide bath followed by
anodization in 0.2M HC1l and cathodized
in 0.1M H3804. The electrodes were
washed and stored in a dil soln of
AgNO3. Distilled water was, pre-
sumably, used.

ESTIMATED ERROR:

Assuming error in the av values is *1
unit in the last significant figure,
standard dev in equil constants is

< 3%. Temp control is *0.5°C.

for HCN was taken as 4.79 x 10’10 (2).
All equil constants were corrected for
activity effect by use of 7ge limit-
ing law: log y+ = -0.508ul/¢ ywhere u
is the ionic strength. The reported
value for Kgo(AgAg(CN)2) is an aver-
age one based on 10 points in the
saturated region.

%?EE?Y¥§Q, L.G. Acta Chem. Scand.
1962, 16, 159.

Sprawochnik Khimika. Moskau -
Leningrad. 1952, 3, 495.

2.
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COMPONENTS :

(1) Silver cyanide; AgCN; [506-64-9]

(2) Perchloric acid; HC1lOg4;
[7601-90-3]

(3) Sodium cyanide; NacN; [143-33-9]

(4) Sodium hydroxide; NaOH;
[1310-73-2 ]

(5) Sodium perchlorate; NaClOy4;

( [7601-89-0]

6)

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

ORIGINAL MEASUREMENTS:
Glibeli, A.O0.; COt8&, P.A.
Chem. 1972, 50, 1144-8.

Can.

VARIABLES:
NaCN concentration and pH at 25°¢

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES: Concentration units employed are mol dm~3.
tion of NaClog4 in all solutions is 1.0 mol dm~3., The total solubility of
silver 1s expressed in logarithmic form, pAgtot-
and total cyanide are expressed as pAgt and pCNigt.

The concentra-

Similarly the silver ion

Saturated solns prepared by mixing
solns of AgClO4 with excess NaCN, and
the pH adjusted with either HClO04 or
NaOH. The A2C104 contained known
amounts of 110ag. The mixtures were
prepared such that the resulting
[NaCc104] was constant at 1.0 mol dm™3,
The solns were equilibrated isother-
mally by agitatlon for the first sev-
eral days followed by quiescent equil-
ibration for 4 weeks. Equilibrium was
verified by constancy in the total Ag
concentration. [Agltot was deter-

TABLE 1, pH < 4 TABLE 2. 4 < pH < 13
pH PCN, .  PAg,., DAY pH PCN.,,  PAd.,.  PAG"
1.85 2,72 5.02 5.73 5.63 2.45 2.81 8.18
2.02 2.70 4,90 5.97 5.70 2.47 2.84 8.09
2.05 2.57 4,77 6.14 5.80 2.93 3.34 7.71
2.12 2.66 4,75 6.01 6.70 2.40 2.72 8.13
2.20 2.51 4,55 6.22 7.05 2.93 3.29 7.53
2.32 2.59 4,47 6.33 7.72 2.30 2.67 8.20
2.72 2.26 3.85 7.10 8.33 2.47 2.84 8.05
2.95 2.67 4.06 6.88 8.50 2.42 2.84 8.08
3.00 2.83 4.13 6.79 8.57 2.33 2.67 8.24
3.05 2.61 3.86 7.10 8.82 2.48 2.81 8.12
3.05 2.34 3.67 7.31 8.95 2.42 2.76 8.18
3.10 2.72 4,01 6.97 9,37 2.35 2.69 8.13
3.12 2,28 3.49 7.50 9,52 2.33 2.68 8.20
3.22 2.20 3.36 7.56 9,72 2.51 2.84 7.93
3.22 2.21 3.37 7.58 10,00 2.34 2,70 8.18
3.35 2.49 3.63 7.31 10.40 2.46 2,81 8.09
3.55 2.80 3.92 7.04 10.62 2,32 2.68 8.24
3.42 2.65 3.77 7.20 10.65 2.48 2.82 7.95
3.42 2.64 3.70 7.51 10.70 2.50 2.83 7.91
3.50 2.31 3.23 7.78 11.17 2.36 2.73 8.18
3.55 2.20 3.19 7.99 11.67 2.34 2.68 8.24
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

All reagents were of a "guaranteed
purity" grade, and were dissolved in
doubly distilled water. No other
details were given.

mined in a scintillation counter, and
total CN by a spectrophotometric
method (1). The pH was measured with
: glass /calomel electrode combina-
lon.

The silver ion concentration wag

ESTIMATED ERROR;
Soly: av probably < 6% (compiler)

Equil constants: see COMMENTS below.
Temperature: not specified.

Similarly determined by replacing
the glass electrode with a silver
wire. The pKa value of HCN was deter-
mined using Anderegg's method (2).

REFERENCES :
. Bark, L.S.; Higson, H.G., Talanta
1964, 11, 621.
2, Anderegqgqg, G. Helv. Chim. Acta

1957, 40, 1022,
3. Kolthoff, I.M.; Stock, J.T. J. Am.
Chem. Soc. 1956, 78, 2081l.
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COMPONENTS ¢

(1) Silver cyanide; AgCN; [506-64-9]

(2) f?gg?iggfg]aCid' HC104; Glibeli, A.0.; CO6t&, P.A. cCan. J.

(3) Sodium cyanide; NaCN; [143-33-9] |ckem. 1972, 50, 1144-8.

(4) Sodium hydroxide; NaOH;
[1310~73-2]

(5) Sodium perchlorate; NaClOy;
[7601~-89-0]

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

ORIGINAL MEASUREMENTS: (continued)

EXPERIMENTAL VALUES: (continued)

TABLE 3 pH > 13
+ £

pH PCNy e PAG, ¢ PAg PAG o™
13.00 7.49 7,79 .06 3,73
13.05 2.65 2.90 7.92 3.69
13.10 2.76 3.02 7.80 3.65
13.15 2.80 3.04 7.74 3.67
13.20 3.10 3.24 7.38 3.57
13.25 2.59 2.85 7.92 3.16
13.27 2.66 2.93 7.84 3.51
13.30 2.96 3.14 7.50 3.45
13.35 2.99 3.16 7.35 3.38
13.40 3.05 3.18 7.30 3.37

* [ag]f . = [Ag(cw (om 7] = [ag) o - [ag™] - [ag(cm)}]

COMMENTS AND/OR ADDITIONAL DATA:
The data in Tables 1 - 3 were treated in terms of the following equilibria:

-+ + -
H,0 < H + OH K,
HeN < BT 4+ on” K,
> + -
AgCN(s) < Ag” + CN K (ACN)

2agCN(s) ¥ agh + ag(cw)) K, (AgAg (CN) )

agh + oH” + onT ¥ Ag(ew) (om)T Ky,

- *
Ky was taken as 1.0 x 10 14 and pKz in 1M NaClO4 was determined by the
authors to be 8,95. The values of these equilibrium constants were deter-
mined by the authors to be:

K_o(AGCN) = (2.9%0.4) x 1071 no12 am~®

12 2 6

K o(AgAg(CN) ,) = (1.3%0.2) x 107"° mol® dm~

20 -2

(1.420.2) x 1020 mo1 6

n

82 dm

12 -2 6

L)

K (6.4£1.2) x 10 mol dm

11
Kjj is identical to Kolthoff and Stock's K¢ (3): the authors do not discuss
the differences between their work and that of Kolthoff and Stock.

*For 1 mol dm_3 solns, Ky = OVEZ: the authors did use the activity term

agt in their calculations (obtained from their pH measurements), but all
other concentrations were not corrected for activity effects.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver cyanide; AgCN; [506-64-9] Y B.: Juric. R.: M le. R.J
(2) silver iodide; AgI; [7783-96-2] ngerer, 5.; Jurio, X.; Hanuele, X.J.
(3) Barium nitrate; Ba(NO3)j; J. Chem. Educ. 1972, 49, 434-5,.
[10022-31-8]
(4) Potassium cyanide; KCN;
[151-50-8]
(5) Potassium iodide; KI;
[7681-11-0]
(6) Potassium nitrate; KNO3
[7757-79-11
(7) Water; Hp0; [7732-18-5]
VARIABLES: o PREPARED BY:
[kcN]/[KI] ratio at 20°C Mark Salomon
EXPERIMENTAL VALUES: The thermodynamic soly product was calcd from
o _ -
log K_,(AgAg(CN),) = (E,~E))F/(RT 1ln 10) - log[17ly, + loglag(cw),ly,
o
+ log K_, (AgI) (1]

The data and results are summarized in the table (data based on volume unitg

o
log KSO(AgAg(CN)Z)

solution = 2.

tions are:

K:O(AgAg(CN)z) = (2.4%0.6)

tigrn (E,-E;)/0.0582 -log [I ]Yt -log[Ag(CN)E]yt authors compiler
1 5.2062 2.1240 2.4931 -11.26 -11.58
2 5.2062 2.1240 2.4922 -11.25 ~11.58
3 5.1890 2.1239 2.4904 -11.27 -11.60
4 5.1890 2.1240 2.4912 -11.27 -11.60
5 5.1890 2.1240 2.4912 -11.27 -11.60
6,7 —_—— —_—— —_——— -11.37* '-11.70
*Mean of two values: only other data supplied was [KCN ]/[KI ] for initial

The average values and standard deviations based on the compilers calcula-

log [Kgo(AgAg(CN)Z)/molz am~®] = -11.62:0.05

x 10712 mo1? am™®

—

AUXILIARY INFORMATION

METHOD: Potentiometric titrn with AgNO3.
The cell used is given by

Ag/KCN, KI, KNO,, Ba(NO3)2// satd cal

E.m.f.'s measured with L and N 7041
potentiometer at room temp, and solns
purged with N2. pH measurements were
also carried out and reported graphi-
cally. Three plateaus were obsd: at
the end of the lst plateau Ag(CN)3
has formed stoichiometrically, the
e.m.f. is Ej, and ionic strength, u,
is 0,0062 mol dm~3, At the end of the
2nd plateau, AgI has completely pptd

SOURCE AND PURITY OF MATERIALS:
Analytical grade reagents used with
bidistilled water._Ba(NO3)2 was ad-
ded (0.001 mol dm™7) to eliminate
carbonates. 99.9% Ag wire used for
indicator electrode was cleaned 1in
KCN soln and washed. A potassium
nitrate-agar salt bridge was used
to separate the study soln from the

satd calomel reference electrode.

and pptn of AgCN begins; at this

point the e.m.f. is E2 and u =0,0605.
Initial solns for titrns 1-5 contain-
ed [KcN] = [KI] =0.01. Composition of
solns 6, 7 not given, Activity coeff

ESTIMATED ERROR:
Kgo: see above

Temperature: i0.5°C

calcd from
log y, = -au’? + Bay [2]

Values of A, B, and a not given. Auth-
ors used incorrect value (1) of log

K2 (AgI) = -16.093: compiler's calcn
uses correct value of -16.421 based

on E° data at 20°C (2,3).

REFERENCES:

1. Jurio, R.L.; Ungerer, B.; Manuele,
R.J. J. Chem. Educ. 1971, 48, 122,

2. Owen, B.B.; Brinkley, S.R. J. am.
Chem. Soc. 1938, 60, 2233,

3. Hetzer, H.B.; Robinson, R.A.;
Bates, R.G. J. Phys. Chem. 1964,
68, 1929.

.
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COMPONENTS :

(1) Sodium dicyanatoargentate;
NaAg (CN)2; [2140-69-3]

(2) Ethanol; C2HgO; [64-17-5]
(3) Water; Hpo; [7732-18-5]

ORIGINAL MEASUREMENTS:

Baup, S. Ann. Chim. Phys,
1858, 53, 462-8,

VARIABLES:

O,

One temperature: 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

C

Ag

0.23 mol kg~

The solvent is 85% ethanol (presumably by weight)

CAg 4.2 g/100 g solvent

1 (compiler's calculation)

AUXILIARY INFORMATION

METHOD:
Nothing specified.

The major objective of this paper
was to establish the stoichiometry
of the salt. The solubility was
simply mentioned as one of several
physical properties.

N

SOURCE AND PURITY OF MATERIALS:

NaAg (CN) 2 was pptd from a satd soln
of NaCN and AgCN., The NaCN was pre-
pared by dissolving Na4Fe(CN)g with
1/2 equivalent of Na2C03 (solvent not
specified, but compiler assumes it

to be water). No other details were
given. The author states that the
NaAg (CN) ; crystals were anhydrous.

COMMENTS AND/OR ADDITIONAL DATA: [ ESTIMATED ERROR:

Nothing specified,

REFERENCES ;
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COMPONENTS :

(1) Potassium dicyanoar
KAg (CN) 2 : [506-61-6

(2) Eicosahydrodibenzo [b,k][1,4,7,10,
13,16] hexaoxacyclooctadecin
(dicyclohexyl-18-crown-6) ;
C20H360g; [16069-36-6]

(3) 1,4-pDichlorobenzene; CgH4Cl);

[95-50-1]

ientate;

ORIGINAL MEASUREMENTS:

Pedersen, C.J. J. Am. Chem., Soc.
1967, 89, 7017-36

VARIABLES:One temperature: 26°¢

PREPARED BY: ..y salomon

EXPERIMENTAL VALUES:

The solubility of KAg(CN)2 in the presence of an equal molar quantity
or excess of dicyclohexyl-18-crown-6 was reported as

0.27 mol dm™>
AUXILIARY INFORMATION
METHOD: SOURCE AND TY :
Saturated solutions were prepared by Dg enzo-f@ggrogg— ggggA%%rst prepared

adding KAg(CN)2 to an equimolar or
excess quantity of the crown ether in
the solvent o-dichlorobenzene. The
author did not specify the concentra-
tion of the crown ether, and the
compiler assumes that the solubility
is the same whether equimolar or
excess polyether is present.

No other details were given.

by reacting catechol with bis(2-
chloroethyl) ether in agueous NaOH
solutions. Dicyclohexyl-18-crown=6
was prepared by hydrogenation of the
former polyether in p-dioxane with
Ru02 catalyst. No other details
were given,

ESTIMATED ERROR:

Nothing specified

REFERENCES:
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COMPONENTS :

(1) Silver cyanide; AgCN; [506-64-9]

(2) Tetraethylammonium cyanide;
(C2Hs) gNCN; [13435-20-6]

(3) Tetraethylammonium perchlorate;
(C2Hsg) 4NC1Og4; [2567-83-1]

(4) Dimethyl sulfoxide; C2HgSO;

[67-68-5]

ORIGINAL MEASUREMENTS:

Le Démézet, M.; Madec, C.; L'Her, M,
Bull. Soc. Chim, Fr. 1970, 365-9,

VARIABLES:

One temnerature: probably 22°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at about 0,11 mol dm
ed in terms of the following equilibrium constants:

3

The data are report-

Kso(AgCN) = 1.3 x 10—15 mol2 dm-6
- -7 2 . -6
KsO(Ag Ag(CN)Z) = 4,0 x 10 mol® dm
B, = 2.5 x 1023 mo1”? am®
By 1.0 x 10%° mo17? am®
These constants correspond to the following reactions:
AgCN(s) < agt + on” K, (AgCN)
2AgCN(s) <+ agt o+ Ag(cN), K, (Ag Ag(CN),)
agt  + a2on” 2 Ag(cN); 8,
2ag”™  + onT ¥ ag,en” By1 )
AUXILIARY INFORMATION

METHOD: .

The equilibrium constants were deter-
mined from potentiometric titrn data
using the cell

Ag/Et4NCN(0,01M), Et4NC1Og4(0.1M)//-
LiC1(0.1M), AgCl, (0.001M)/Ag
where Et= C3Hs. The cell soln was ti-

trated with AgClO4 soln. [Ag*] was

calcd from the Nernst eq, and the
equilibrium constants were calcd using
mass balance relationships for [cN-].

SOURCE AND PURITY OF MATERIALS:

Commercial Et4NC10O4, Et4NCl, KCN, and
(CH3) 250 were used, but no details
were given for purification. Et4NCN
prepared by dissolving KCN and

Et4NCl in alcohol, and separating the
soln from the insoluble KCl.

COMMENTS AnND/UR ADDITIONAL DATA:
Nowhere in the paper do the authors
state the experimental temperature.
Since they use the factor 0.058 in the
Nernst equation which is their experi-
mental value determined elsewhere (1)
for 22°c, the compiler assumes the
same temperaturé for the present work.
The uncertainty in the total ionic
strength is due to the uncertainty in
the concentration of the AgCl04 titrat
(a 0.5M soln was used in reference 1).

ESTIMATED ERROR:
Nothing specified

REFERENCES:

1. Courtot-Coupet, J.; L'Her, M.
Bull. Soc. Chim. Fr. 1969, 675,

1172
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COMPONENTS :
(1) silver cyanide; AgCN; [506-64-9]

(2) Tetraethylammonium cyanide;
(CoHg) 4NCN; [13435-20-6]

(3) Tetraethylammonium perchlorate;
(C2H5) 4NC104; [2567-83-1]

(4) Nitromethane; CH3NO3; [75-52-5]

ORIGINAL MEASUREMENTS:
Bardin, J.C.; J. Electroanal. Chem.

Interfacial Electrochem. 1970, 23,
157-66,1 —

VARTABLES:

One temperature: 25°%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The data were reported in terms of the following equilibrium constants at

The various equilibria were studied by
a potentiometric titration method usind
the cell

Ag/(C,Hg) JNCN(0.01M) //reference

In this cell, the indicator electrode
is a silver wire, and the reference
electrode, AgCl,Ag, is the same as
that described elsewhere (2). A
solution of AgClO4 was titrated into
the cell and the Ag" concentration
determined_from the Nernst equation,
and the CN concentration from mass
palance considerations. The cell was
enveloped with a water jacket.

varying ionic strength ( < 0.02 mol dm=3):
K o (RgCN) = 1 x 10724 o012 an6
Ko (Ag Ag(CN),) = 1 x 10713 mo12 am™6
B, = 1 x 10°% mo172 an®
= 10
Ksz =1x 10
Che corresponding reactions are:
+ -
AgCN (s) 2 Ag + CN K o (AgCN)
+ -
2AgCN (s) 2 Ag + Ag(CN)2 KsO(AgAg(CN)z)
ag* + 2cN” < Ag (CN), B,
- -> -
AgCN (s) + CN « Ag(CN)2 Ksz
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

(C3Hg) 4NCN prepd by passing a soln of
[ (C2Hg5) 4yNC104 through a column contng
the CN-form Dowex 1X4 ion-exchange
resin. The effluent was evap under
vac, recryst from methanol, dried at
80°C in vac, and stored in vac. Prac-
tical grade CH3NO2 washed with aq
solns of NaHCO3, and 5% H,804 and fra-
ctionally distilled in vac, The 1100C
fraction dried over CaS94 under N, for
3 weeks. Detectable amounts of C2HgNO2
and C3H7NO2 were present. The maximum
Hy0 present was 5 x 103 mol dm-3,

ESTIMATED ERROR!
Nothing specified

REFERENCES :

1. (a) Bardin, J.-C. Thése Paris. 31
Mai 1972, enregistrée au C,N.R.S. sous
le No., AO 7142: (b) Badoz-Lambling, J
Bardin, J.-C.; C.R. Acad. Sci. 1968,
266Cc, 95.

2. Cauquis, G.; Serve, D.; Bull. Soc.
lchim, Fr. 1966, 302.

.
.




86

COMPONENTS : EVALUATOR:

(1) Silver cyanide; AgCN; [506-64-9] | Mark Salomon, U.S. Army Electronics
(2) Nitric acid; HNO3; [7697-37-2] Command, Fort Monmouth, NJ U.S.A.
(3) sulfuric acid; H,S50,; [7664-93-9] August 1978

(4) Hydrogen cyanide; HCN; [74-90-8]

CRITICAL EVALUATION:

Jander and Griittner determined the solubility of AgCN in anhydrous HCN in
the presence of H3S504 and HNO3. The data were presented graphically, and
the temperature was not reported. It appears that the solubility of AgCN
in pure HCN is vanishingly small. In fact Linke and Seidell have inter-
polated values of Cpq from the graphical data, and report numerical values

in their compilation?

REFERENCES:
1. Jander, G.; Griittner, B. Ber. 1948, g1, 107.

2. Linke, W,; Seidell, A, Solubilities of Inorganic and Metal Organic
Compounds. American Chemical Society. Washington, D.C. 1958, Vol 1.
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COMPONENTS ;
(1) Silver cyanide; AgCN; [506-64-9]

(2) Hydrogen fluoride; HF;
[7664—39-3]

ORIGINAL MEASUREMENTS:

bDove, M.F.A,; Hallett, J.G. J. Chem.
Soc. (A) 1969, 2781-7,

VARIABLES:

One temperature: 20°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Ay =

3.2 mol kg-l

AUXILIARY INFORMATION

METHOD:

Nothing specified. Solutions of AgCN
in HF were found to be stable after
several weeks,

SOURCE AND PURITY OF MATERIALS:

Anhydrous HF purified by distillation
from a nickel vessel into a silver
plated cold finger. The specific
conductance was 2 x 10™2 ohm~1 ecm~l at
0°C., A commercial grade of AgCN was
dried under vacuum at 100°C,

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS ¢
(1) Silver cyanide; AgCN; [506-64-9]

(2) Sulfur dioxide; S0,; (7446-09-51

ORIGINAL MEASUREMENTS:

1. Jander, G.:
Chem. 1937,
Jander, G.;:
Chem. 1936,

Ruppolt, W. 2z. Physik.
1794, 43-50.
Wickert, K. z.
1784, 57-73.

2. Physik.

VARIABLES :

Ine temnerature: 0°c

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

-1
CAg = 0.19 g kg
= 0.00142 mol kg~ ! (compilers calen)
AUXILIARY INFORMATION

METHOD:

Saturated solns prepared isothermally
in an ice-bath. Liquid SO; with excess
AgCN sealed in a glass tube and rotat-
ed in the ice~bath. In the center of
the tube a wad of glass wool was plac-
ed which served to filter the satd
soln by rotating the tube lengthwise
through 180°C., The lower half of the
tube containing the satd soln was kept
in the ice-bath and separated from the
upper half by melting the tube just
below the glass wool filter., The satd
sulin was analysed by evaporating the
802, taking up the residue in water,
and analysing by "known" methods {(no
details given).

COMMENTS AND/OR ADDITIONAL DATA:
Source paper 2 describes preparation
of the solvent and a few details on the
method whilé source paper 1 describes
the source of the salts and additioml
details on the exptl method. Both
papers report the same soly data, and
indicate that no solvate forms.

SOURCE AND PURITY OF MATERIALS:

Commercial SO of high purity was
passed through concentrated H2SO4,
asbestos wool to remove dust and non-
gaseous impurities, P05, and asbesto
wool again. The SO was collected in
a vessel cooled with a mixture of CO2
and ether: it had a specific conduct-
ivity of 4,7 x 10-7 ohm~1 cm-1 (the
temperature was not specified). The
AaCN used was either prepared by the
authors or was a high purity commer-
cial product: it was dried before use,

ESTIMATED ERROR:

q

Nothing specified

REFERENCES:
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Potassium dicyanoargentate; Noonan, E.C. J. Am. Chem. Soc. 1948,
KAg(CN)5; [506-61-6 ] 70, 2915-8.
(2) Water-dz; Dy0; [7789-20-0]
VARTABLES: PREPARED BY:

One temperature: 5.0% W.A. Van Hock

EXPERIMENTAL VALUES:
D20 analysis = D/(D + H) = 0.9086

L

C. = 1.015 mol/100 mol solvent (0.511 mol kg ~*)

Ag

In pure D,O the calculated** solubility is

Cpg = 0+974 m1/100 mol D0 (0.486 mol kg %)

*Campiler's calculation.
**Assumption made is that the soly is linearly dependent upon D content.

‘

AUXILIARY INFORMATION

METHOD:
D20 purity was measured by a density
method. Solubility by evaporating a
weighed sample of saturated solution
to dryness and weighing residual salt.
All determinations performed in
duplicate.

SOURCE AND PURITY OF MATERIALS:
Commercial reagent grade salt was
recrystallized at least twice.
Heavy water was treated by distil-
lation from alkaline permanganate
and found to have a conductivity of
2 x 10-% mho or better. D/H
analysis was by density.

ESTIMATED ERROR:
No estimate of accuracy is possible
for this single point. Author
indicates a reproducibility of
+0.5%. Temp control at least 20.05°C

REFERENCES ;

SDS—H
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COMPONENTS: EVALUATOR:
(1) Silver selenocyanate; AgSeCN;
[5169-33-5] Mark Salomon, U.S. Army Electronics
Command, Fort Monmouth, NJ U.,S.A.
(2) Water; H,0; ([7732-18-5]

2 January 1978

CRITICAL EVALUATION:

fne solubility of AgSeCN in water has been studied in detail by three re-
searca groups (1-3). All have used the e.m.f. method to determine the soly,
but only the most recent work by Das et. al. (3) completely eliminates
liquid -junction potentials: this was accomplished by using the method of
Owen and King (4).

Waitkins and McCrosky (2) report that their cell potentials decreased with
time, and the "equilibrium" e.m.f. valnes were therefore measured as soon as
possible after the salt brldge was introduced to complete the cell. The
reason for this instability is not known, but formatlon of red Se at the Ag
electrode was observed.

The value of 4.0 x 10716 mo1? am™® for Kgp obtained by Birckenbach and
Hittner (1) at 291 K appears to be much too low based on the extrapolated
value of 3,7 x 10~15 obtained by Das et. al., This latter work is given
preference because of the care taken in the experimental techniques, and
the elimination of liquid junction potentials, Many experimental details
(e.g. temp, purity of materials, technique) are not discussed in the paper
Birckenbach and Hiittner: in addition it is clear that a large liquid
junction potential probably exists. There is also some question as to
whether the soly product determined in (1) is Kgp or K°0 It appears that
the authors have evaluated Kgg (see the COMMENTS in the compilation).

Smoothing equation

The data of Das et. al. between 298~323 K revised by the compiler were fit
by least squares with the following result:

_2)

log (K9, /mol? kg™2) = -5535.1 /(T/K)+4.563 (o = + 0.002)

The standard deviation was calculated from the differences between the
experimental and least squares value by the evaluator. The average error in
the experimental soly of +1.25% (+0.008 log Kgg units) is not included in
the above ¢ value. The correlation coeff1c1ent for the least squares fit
is 1.0000.

Tentative values of Kgo in water

T/K 1014 ° / mol? kg -2 T/K 1014K°o /mol2 kg_2
291.15% 0,36 308,15 4.00
293.15%* 0.48 313.15 7.75
298.15 1.00 318.15 14.63

323.15 27.07

*Extrapolated values based on the smoothing equation

Solubility of AgSeCN in Water and Agueous dolutions

The soly of AgSeCN was observed to increase upon addition of KSeCN (5),
AgNO3 and AgCl04 (6). This increase was attributed to the formation of
tri-ligand and tetra-liyand mononuciear complexes (5), and bi-, tri-, and
tetra-polynuclear complexes (6). For the mononuclear complexes, no tabular
data were presented, and most of the experimental work is concerned with
AgSeCN in highly coné¢entrated KSeCN solns in which no solid phase is present
{(5). The results at 293K indicate the important mononuclear complexes to be

ag"t  + 3secN” T ag(secw) T B,  6.21 x 1013 mo13 gp?

.
agt  +  4secn”

4

Ag(SeCN)z- By not determined
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COMPONENTS : EVALUATOR:

(1) silver selenocyanate; AgSeCN; Mark Salomon, U.S. Army Electronics
[5169-33-5] Command, Fort Monmouth, NJ, U.S.A.

(2) Water; H,0; [7732-18-5]
January 1978

CRITICAL EVALUATION: (continued)

There are no papers dealing with the existence of soluble AgSeCN and

Ag (SeCN)3; however by _analogy to the AgSCN system, and from the experimental
ev1dence for Ag(SeCN)% and Ag(SeCN)j =, there is a hi?h probability that all
Ag(SeCN) 1~ species for n = 1-4 exist., Using (KS as an estimate for
the soluglllty of AgSeCN in gure water is quite flkely to be in error by
about 10% assuming Kg) ~ 107

The soly of AgSeCN in agueous AgNO3 and AgClO4 solns at 293 K is enhanced
due to the formation of polynuclear complexes according to (6)

2ag" + secN” ¥ Ag,secn” Byy = 5 x 100 mo1™? am®

+ - > 2+
3Ag’ + SeCN < Ag;SeCN B3l = (1.7420.06) x 1022 mo1™3 an®
4ng* + secn” ¥ ag,secn’t Byy = (1.59+0.70) x 1022 mo174 anl?

The above Bpn values are mean values obtained from the soly data for AgSeCN
in excess AgNO3 and AgClO4, and have not been corrected for activity
effects. Since Golub and Skopenko evidently used the Kgg value of Bircken-
bach and Hiittner to obtain the By, valufg it is evident that they may be in
error by the factor 4 x 10-16/4, 3% 10 = 0,0812 (the value of 4,9 x 10-13
was obtained from the smoothing equation). Thus the corrected 8mn values

are:

4.1 x 10%0 ; = 1.4 x 10M s By = 1.3 x 1oMt

a1 < i B3y

Saturated AgSeCN solutions in excess AgNO3 and AgClO4 prepared at 60 to
70°C precipitated (Ag3SeCN)(No3)2 and (AgzseCN)(Clo4)upon cooling (6).

REFERENCES:
1. Birckenbach, L.; Hiittner, K. z. anorg. Chem, 1930, 190, 1.
2, Waitkins, G.R,; McCrosky, C.R. J. &m. Chem. Soc. 1946, 68, 1385.

3. Das, R.C.; Sahu, G.; Satyanarayana, D.; Misra, S.N. Electrochim., Acta
1974, 19, 887,

4, Owen, B.B.; King, E.J. J. Am. Chem. Soc. 1941, 63, 1711.
5. Golub, A.M.; Pomerants, G.B. zh. Neorg. Khim. 1959, 4, 769.

6. Golub, A.M.; Skopenko, V.V, Dokl. Akad. Nauk. S.S.S.R. 1961, 138, 601.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver selenocyanate; AgSeCN; Birckenbach, L.; Hittner, K.
[5169-33-5] 2. Anorg. Chem, 1930, 190, 1~26.
(2) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

One temperature: 18°¢

Mark Salomon

EXPERIMENTAL VALUES:

Based on molar units at 18°c

CAg =

K., = 4.0 x 10~

s0

2.0 x 10~

le6

8 3

mol dm~

mol2 am~®

AUXILTARY INFORMATION

METHOD:
E.m.f.

cell
Ag/AgSeCN(satd)//KN03(con)//-

AgN03(0.lM)/Ag
The soly of AgSeCN in the left hand
side of this cell is obtained from
log 02 = log Cl - EF/2.3KRY

lhere C1 is the [Ag™] in 0,1M AgNO3
and is evaluated using a value of

0.82 (no reference is given) for the
degree of dissociation* of AgN0O3 in thi
oln. The observed e.m.f., E, was
found to eqgual 0.3810 Vv,

measurements were made on the

ince the soly of AgSeCN is C3, the
olyzproduct, Kspr is obtained as
(cy) 2.

N

*See the COMMENTS section below.

SOURCE AND PURITY OF MATERIALS:

AgSeCN was precipitated, presumably,
from AgNO3 and an alkali metal seleno-
cyanate as discussed in another paper
(1) . Analysis was performed by dis-~
solving the salt in hot concentrated
Hy504 followed by potentiometric
titration which 0.1M KBr. Freshly
distilled water was used.

ESTIMATED ERROR:
Solubility: not specified

e.m.f,'s: not specified
Temperature: + 2°C (compiler)

REFERENCES :

1. HGttner, X.; Knappe, S. z. Anorg.
Chem, 1930, 190, 27.

Kirschner, A, z. Physik. Chen.
1912, 79, 245.

Robinson, R.A.; Stokes, R.H.
Electrolyte Solutions. Butter-
worths, London. 1959. 2nd edition.

2.

3.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver selenocyante; AgSeCN; Birckenbach, L.; Hiittner, XK. z. anorg.
[5169-33-5] Chem. 1930, 190, 1-26.

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

COMMENTS ANC/OR ADDITIONAL DATA:

One aspect of this work which is not clear is concerned with the tempera-
ture of the measurement. On page 6 of this paper, the authors give a value
of 180C, whereas in the table on page 26, the temperature is given as 18

to 20°C., 1In their calculations using the Nernst equation, they use

2.3RT/F = 0.0576 which corresponds to a temperature of 17,1°C,

It should be noted that the concentration of a satd soln of AgSeCN is given
as ~10~8 mol dm~3, Since the salt bridge is composed of a concentrated soln
of KNO3, and the reference electrode employs a 0.lM AgNO3 soln, it is fairly
certain that a large liquid junction potential exists.

In computing C2 from log(0.1 x 0.82) - E/0.0576, the authors refer to the
number 0.82 as the "Aktivitdtsfaktor" which is misleading because 0.82 is
probably the degree of disociation, o. Similar values for o can be found
in much of the older European literature (e.g. see reference 2), If 0,82
is truly associated with the mean molar activity coefficient, Y+, then an
error has been introduced into the calcn of the soly product since y+ is
closer to 0.73(3).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver selenocyanate; AgSeCN; Waitkins, G.R.; McCrosky, C.R. J. Am.
[5169-33-5] Chem. Soc. 1946, 68, 1385-6.
(2) Potassium selenocyanate; KSeCN;
[3425-46-5]

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

VARIABLES:

One temperature: 25°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Four measurements were made at 25°C using molar units:

[KSeCN]/ mol dm™> [AgNO3]/ mol dm™> E/V 10158,
0.0894 0.1363 0.7081 7.1
0.0935 0.0856 0.7008 6.5
0.0958 0.3183 0.7288 6.6
0.0644 0.1340 0.6988 7.4
The average value is

K, = (6.9 % 0.4) x 107 mo1? an”®

The error in Kgo is the standard deviation of the experimental average,

and was calculated by the compiler.

AUXILIARY INFORMATION

METHOD:
E.m.f. measurements were made on the
cell

Ag/AgSeCN, KSeCN//KNO3//AgN03/Ag

satd ay satd as

in agar

The cell was thermostated at 25°C. The
solns were prepared py weighinyg KSeCN
into a fixed amount of water, adding

1 drop of 0.1M AgNO3 (or 10 ml 0.00lM
AgNO3), and permitting the cell, with-
out the salt bridge, to equilibrate
for 10-15 h. The salt bridge was con-
nected and the initial e.m.f, (within
the first 15 s) was taken as the
equilibrium value. The cell e.m.f.
decreased with time, and after a few

SOURCE AND PURITY OF MATERIALS;

KSeCN was thrice recrystallized from

absolute ethanol and dried at 100 to

105°c. The source and purity of the

remaining materials was not specified

ESTIMATED ERROR:

Solubility product: see above
E.m,f.'s: unknown (See METHOD)
Temperature: +0,1°C.

minutes a layer of red Se could be
observed on the Ag electrode.

REFERENCES :
1. Harned, H.S. J. Am. Chem. Soc.
1929, 51, 416.

2, Robinson, R.A. J. Am. Chem. Soc.
1935, 57, 1161,
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) Silver selenocyante; AgSeCN; Waitkins, G.R.; McCrosky, C.R. J. Am.

[5169-33-5]

(2) Potassium selenocyanate; KSeCN;
[3425-46~-5]

(3) Water; H20; [7732-18-5]

Chem. Soc. 1946, 68, 1385-6.

COMMENTS AND/OR ADDITIONAL DATA:
The e.m.f. of the experimental cell is given by

_ o
E = -(RT/F) 1n{:Kso/[(aSeCN)l(aAg+)2]} + Ej

where (agecn)1 is the activitX of SeCN™ in the left hand side of the cell,

(apg*) 2 is the activity of Ag

in the reference (right hand side) half-cell,

and"Es is the liquid junction potential. The activity coefficients for

KSeCN were assumed to equal the mean of those for KBr and KI (1,2).
authors calculated Kgo from the above equation assuming Ej =0,

The

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES:
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Temperature: range 35 to 50°%

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver selenocyanate; AgSeCN; Das, R.C.; Sahu, G.; Satyanarayana,
[5169-33—5] D,; Misra, S.N. Electrochim. Acta
(2) Potassium nitrate; KNOj3; 1974 19’ 8é7:90 :
[7757-79-1] _—= ‘ .
(3) Potassium selenocyanate; KSeCN;
[3425-46-~5]
(4) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

t/°c Eg/v 1014K§0/mol2 kg2
25% 0.2515 0.977

35 0.2454 3.89

40 0.2423 7.59

45 0.2394 14.79

50 0.2360 27.54

experimental cell.

*Determined by extrapolation

The Eg values in the above table are the standard mola e.m.f.'s for the

AUXILIARY

INFORMATION

METHOD:

E.m.f. measurements were made on the
cell

KC1l (xm) KSeCN (xm)
Ag,AgCl// -
KN03(l-x)m KNO3 (1-x)m

/%gSeCN,Ag

where // is the liq junction, m is

the total molality, and x is a frac-
tion. The standard potentials of the
cell were evaluated by the method of
Owen and King (1) which effectively
eliminates the liquid junction poten-
tials. The e.m.f.'s were measured at
35, 40, 45, and 50°C. Four values of
m from 0.04 to 0.07 mol kg~l were

used with x varying from 1,0 to 0.2 in
steps of 0.1ls A double extrapolation
was used to evaluate EJ. The measured
e.m.f.'s for constant m was first ex-
trapolated to x + 0. The resulting

Ey values were then plotted against
m and E§ obtained by extrapolation
tom -+ 0.

SOURCE AND PURITY OF MATERIALS:

Ag,AgSeCN electrodes were prepd by
electrolytic deposition of SeCN™ onto
spongy Ag, the latter prepd by the
thermal method. Ag,AgCl electrodes
were prepd in a similar fashion. All
chemicals were AR grade and, in most
cases, recrystallized, Triply dis-
tilled water was used.

ESTIMATED ERROR:

Kgp: 9 = +0.005 log units (compiler)
E.m.f. values: +0.3 mV, average
Temperature: +0,1°C

REFERENCES ;

1. Owen, B.B.; King, E.J. J. Am. Chem.

soc. 1941, 63, 1711.

Bates, R.G.; Bower, V.E, J. Res.

Nat. Bur. Stand. 1954, 53, 282,

3. Lewis, G.N.; Randall, M.
Thermodynamics. McGraw-Hill.
N.Y. 1952,

2.
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COMPONENTS :
(1) Silver selenocyanate; AgSeCN;
[5169-33-5]

(2) Potassium nitrate; KN03;
[7757-79-1]

(3) Potassium selenocyanate; KSeCN;
[3425-46-5]

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

ORIGINAL MEASUREMENTS: (continued)
Das, R.C.; Sahu, G.; Satyanarayana,

D.; Misra, S.N.
1974, 19, 887-90.

Electrochim. Acta

COMMENTS AND/OR ADDITIONAL DATA:

Converting Owen's data for the Ag,Ag+
compiler has recalculated the KQy's.

electrode (5) to absolute volts, the
The results are given below.

o ° * o * -

t/7c EAg,AgSeCN/V EAg,Ag+/V 1014K:0/mol2 kg 2
25 -0.0291** 0.7993 0.992
35 -0.0298 0.7894 4,00
40 -0.0302 0.7844 7.75
45 -0.0311 0.7791 14.63
50 -0.0315 0.7743 27.07

* Converted to absolute volts

** Extrapolated E© value

The data in the above table were fit by least squares to
log (K2 /mo1? kg™?) = -5535.09/ (T/K) + 4.563 (9 =% 0.002)

where 0 is the standard deviation for the precision of the fit to the obsd

Kspo, and the correlation coefficient for this fit is 1.0000.

From the slope

of this relation a standard enthalpy change of 105.97 kJ mol~l is obtained

for the reaction N

AgSeCN(s) 2

agt  + secn”

AUXILIARY INFORMATION

METHOD:

The solubility products were calcd
from the standard half-cell potentialg
using the relation

o _ o )

In Koo = (Bag,agsecn ~ Fag,agtF/RT
The Eg Agcl and ES + values
requirga %or theseAgé%gulations

were obtained from the literature
(2-4),

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
4, Latimer, W.M. oxidation Poten-
tials. Prentice-Hall, N.Y., 1952.

5. Owen, B.B,; Brinkley, S.R. J. am.

Chem.1938, 60, 2233.
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COMPONENTS :
(1) Silver selenocyanate; AgSeCN;
[5169-33-5]

(2) Silver nitrate; AgNO03:
[7761-88-8]

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

ORIGINAL MEASUREMENTS:

Golub, A.M.; Skopenko, V.V. Dokl.
Akad. Nauk. S.S.S.R. 1961, 138, 601-4.

VARIABLES:

Concentration of AgNO., at 20°¢

3

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

All concentrations are in units of mol

am™3 at 20°.

[AgNO4] Cag 1077 ¢
0.736 3.75 x 1074 0.069
1.192 1.00 x 1073 0.298
1.521 1.49 x 1073 0.566
1.728 2.12 x 1073 0.914
1.860 2.50 x 1073 1.16
2.097 3.45 x 1073 1.81
2.687 6.36 x 107> 4.26
3.022 8.48 x 1073 6.39

Each value of the soly of AgSeCN is an

average one based on two or three

A series of AgNO3 solns were satd with
freshly prepared AgSeCN at a constant
temp of 200C, When equilibrium was
reached, the solid phase (AgSeCN) was
separated by filtration and Ag and Se
determined in the filtrate, For this
purpose an aliquot was treated with
HNO3 and the total Ag was determined
gravimetrically as the chloride: Se
was determined argentometrically. (1)
The soly experiments were repeated
two or three times.

determinations. The function @ is defined on the following page.
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

AgSeCN was prepared by an exchange
reaction between analytical grade

AgN03 and KSeCN (99%). The purity
of the water was not specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES:
1. Hahn, H.; Viohl, V. 2. Aanal.
Chem. 1956, 149, 50.
2, Cave, G,C.B,; Hume, D.N,
J. Am, Chem, Soc. 1953, 75, 2892,
3. Chemist's Handbook. MoOscow.
1952, Volume 3.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver selenocyanate; AgSeCN; Golub, A.M,.; Skopenko, V. V.
[5169-33-5] pokl. Akad. Nauk S.S.S.R. 1961, 138,
(2) silver nitrate; AgNOj; 601-4,
[7761-88~8]

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

COMMENTS AND/OR ADDITIONAL DATA:

Although the soly experiments were repeated two or three times, the_authors
report only the average value for each AgN0O3 concentration, and it is there-
fore not possible to estimate any errors.

A graphical method was used to evaluate the stability constants for poly-
nuclear species, The function ¥ml = ¢ / [AgT]™ was extrapolated to zero
[Ag*] and the intercept is taken as the formation constant Bpy. The function
# is defined by (2)

_ +
¢ = S[Ag ]/KSO

where S is the soly, and the soly product was taken (3) as Kggp = 4 x 10”
mol2 dm~6, The authors’ results are:

16

2agt + secN” = AgzseCN+ By =5 % 101t mo172 am®

3Ag+ + SeCN~ = Ag3SeCN2+ 831 = 1.8 x 1012 mol'_3 dm9
- -4 4 12

4ag" + secN” = Ag,secn’” Byp = 1.1 x 1072 mo1™* am

Although the authors quote a Handbook (3) for the value of Kgn at 20°C, it
is most likely that this value comes from the work of Birckenbach and
Hiittner (4) which was performed at about 18°C: in any case this value is
probably too small by a factor of 10 (see the CRITICAL EVALUATION),

A 3 mol dm_3 AgNO3 soln was satd with AgSeCN at 60-70°C and filtered. Upon
cooling the filtrate produced stable crystals which analysed as
(Ag3SeCN)(NO3)2.

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
4, Birckenbach, L,; Hiittner, K.

Z2, Anorg. Chem. 1930,190, 1,




100
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver selenocyanate; AgSeCN; Golub, A.M.; Skopenko, V. V. Dokl.
[5169-33-5] -

(2) Silver perchlorate; AgClOg4;
[7783-93-9]

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

Akad. Nauk S.S.S.R. 1961, 138, 601-4.

VARIABLES :

Concentration of AgClO4 at 20°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

All concentrations are in units of mo

3

1 dm”° at 20°c.

(Agclo,] CAg 10713 g
1.045 1.10 x 1073 0.287
1.305 1.98 x 1073 0.645
1.381 2.12 x 1073 0.731
1.796 4.35 x 1073 1.949
1.943 6.61 x 107> 3.20
2.093 7.01 x 1073 3.66
3.008 2.24 x 1072 16.7

Each value of the soly of AgSeCN is a
determinations. The function # is de

n average one based on two or three
fined on the following page.

AUXILIARY

INFORMATION

METHOD:

A series of AgClO4 solns were satd
with freshly prepared AgSeCN at a
constant temp of 20°C. When equil-
ibrium was reached, the solid phase
(AgSeCN) was separated by filtration
and Ag and Se determined in the
filtrate. For this purpose an
aliquot was treated with HNO3 and
the total Ag was determined gravi-
metrically as the chloride: Se was
determined argentometrically. (1).
The soly experiments were repeated
two or three times.

SOURCE AND PURITY OF MATERIALS:

AgSeCN was prepared by an exchange
reaction between analytical grade
AgNO3 and KSeCN (99%). AgCl04 was
prepd by converting AgNO3 to the
oxide followed by soln in c.p. grade
HC104. The AgCl04 was recrystallized
before use. The purity of the water
used was not specified.

ESTIMATED ERROR:
Nothing specified.

REFERENCES :

1. Hahn, H,.; Vviohl, V.
Chem. 1956, 149, 50.
Ccave, G.C.B.; Hume, D.N. J. Aam.
Chem. Soc. 1953, 75, 2892.
Chemist's Handbook. Moscow, 1952,
volume 3.

Z. Anal.
2,

3.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver selenocyanate; AgSeCN;
[5169-33-5] Golub, A.M.; Skopenko, V. V. Dokl.

(2) Silver perchlorate; AgCl0y; Akad. Nauk S.S.S.R. 1961, 138, 601-4.

[7783-93-9]
(3) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

Although the soly experiments were repeated two or three times, the authors
report only the average value for each AgCl04 concentration, and it is
therefore not possible to estimate any errors.

A graphical method was used to evaluate the stability constants for poly-
nuclear species. The function yYpy = ¢ [Ag*]m was extrapolated to zero
[Ag*] and the intercept taken as the formation constant Bpl

The function ¢ is defined by (2)

_ +

-16
where § is the soly and the soly product was taken (3) as Kgg = 4 x 10

mol? dm~6. The authors’ results are:

2ag’ + secn” = AgzseCN+ Byy = 5 % 1011 mo172 am®

3agt + secn”= Ag3SeCN2+ Byp = 1.7 x 10%2 mo173 am®
- 12 -4 12

4ag" + secn” = ag,Secn? Bgy = 2.1 x 1072 mo1™" am

Although the authors quote a Handbook (3) for the value of Kgn at 20°¢,
it is most likely that this value comes from the work of Birckenbach and
Hiittner (4) which was performed at about 18°C: in any case this value is
probably too small by a factor of 10 (see the CRITICAL EVALUATION) .

A 3 mol dm™> AgCl0, soln was satd with AgSeCN at 60-70°C ana filtered. Upon
cooling the filtrate produced crystals which analysed as (AgpSeCN) (Cl04).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
4, Birckenbach, L.; Hiittner, K,
K. Anorg. Chem. 1930, 190, 1.
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COMPONENTS: EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93~-5]

Command, Fort Monmouth, NJ, U.S.A.
(2) wWater; H,0; [7732-18-5]
June 1978

CRITICAL EVALUATION:

The number of studies concerned with the direct determination of the
solubility of AgSCN (1-27) far outnumber those based on e.m.f. measurements
(28-38,52), and the determination of standard electrode potentials (39-42).
Recommended values for the solubility product and related thermodynamic
functions are based entirely on the latter work. The most reliable values
for stability and formation constants for complex ions are those obtained
from the solubility studies. The decision of whether to classify these
latter constants as recommended or tentative values proved to be a difficult
task. The evaluator decided to recommend a consistent set of formation
constants despite the fact that they are associated with large standard
deviations,

Solubility Studies

1. Studies not involving complexation of AgSCN. Most of these studies
involve the direct determination of the solubility (3,6,14,20,22,24). The
papers by Whitby (22) and Fioroni and Magno (24) have been rejected. The
former work reports little information on the colorimetric determination of
the solubility, Cag, and the value of Cpg = 1.5 x 10"6mol dm~3 at 294 K is
too high. The latter work reports Kgg = 10-12.8 pased on a coulometric
titration method: no temperature is given in this paper, and this value of
Kgo appears to be much too small (it corresponds to the 283 K value). Other
works (25-28) were rejected for similar reasons. Bottger's determination

of Cpg and Kgg at 293 K (3) and 373 K (6) constitute the first satisfactory
values for these quantities.

The determination of Cp, by Dash, Mohanty, and Panda (2) based on analysis
of Ag* by titration witg KCl was performed with extreme care. However
their results for Cpy at zero ionic strength appear to be in error by at
least 5% and as mucg as *60% depending upon temperature. Their errors are
reflected in the resulting thermodynamic functions for the reaction

AgSCN(s) Z Ag' + scN™ (1]

Their results for AHgo = 65.5 kJ mol~l and AS8y = -10.4 JKk~lmo1-1 are clear-
ly in error as discussed below.

The relative solubility studies (5, 7) both employ a slightly soluble silver
salt, AgX, in equilibria of the type

AgX(s) + KSCN Z KX + AgSCN(s) [2]
The equilibrium constant for this reaction is given by

K = [x"]/[scN"] = K‘S’O(Agx)/K‘s’O(AgSCN) [3]

Note that standard Kgo values are used in eq [3] since it is assumed that
activity coefficients cancel. Lucas (5) made a poor choice of AgCN for AgX:
his high results are undoubtably due to the complexity of CN™ in solution.
Hill's choice of AgCl and AgBr leads to excellent values of Kgo(AgSCN) after
recalculation using correct values of K8y for AgCl and AgBr (see the
compilations). Vanderzee and Smith (41? claim that Hill's Kgg's are depend-
ent upon ionic strength, but inspection of the original data in the compila-
tions does not reveal any such dependence.

Without specifying details, Cave and Hume (14) used a nephelometric method
to determine Cpg = (1.1#0.03) x 10-6mol kg~l at 298 K. This value is
slightly high, and is probably due to the presence of AgSCN{(ag). An
extimate of AgSCN(aqg) can be obtained from these data using the following
equation: °

[agscN] = K°, = y1/2 - (1043) x 1078 mol kg7t [4]

o o
sl CAg (Kso

12 2

The recommended value of K:o = 1,003 x 10~ mol kg-2 was used in eq [4].
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2. Studies in the presence of complexing anions. A number of papers have
been published which deal with the solubility of AgSCN in excess SCN™
solutions (1,4,8,10 - 18): two other papers report the effect of SO%' (34)
and 52032‘ (19) on the solubility of AgSCN. In most cases direct compari-
Sons cannot be made because of the various experimental conditions employed
(e.g. concentration units, ionic strength, supporting electrolyte, and
temperature) .

The complex ternary system AgSCN-KSCN~-H70 has received considerable atten-
tion (1,4,8,10,13,15,17,18,21). The detailed phase relationships were
Studied by Foote (4) and Occleshaw (10). The results for Cag in both
Papers are in excellent agreement, but slight differences exgst as to the
regions of [KSCN] in which the various solid phases are present. Both paper%
report the existence of several double salts, and significantly find no
evidence for the existence of any hydrate. Although Hellwig (1) and
Randall and Halford (8) employed different concentration units, their re-
sults appear to be in satisfactory agreement. The latter authors calculated
Ks2 values for the reaction

AgSCN(s) + SCN~ < Ag(SCN) [5]

and found that the formation constant Kgp varied by a factor of 10 over the
concentration range of [KSCN] = 0.3 - 1.2 mol kg~1, These_authors cor-
rectly concluded that higher complexes of the type Ag(SCN)%'n for n > 2
were present.

Golub's study (17) of the quaternary AgSCN-KSCN-KNO3-H20 system at a con-
stant ionic strength of 1.8 mol dm~3 at 293 K included, in addition to the
determination of Cpg, the evaluation of B4 by the potentiostatic method.
The author claims tgat the major soluble species is Ag{(SCN)j~, and com-
putes Kgq = 0.145 mol-2 dmb. That an error is involved in_this value is
easily demonstrated by his value of Kgg = 4.05 x 10-12 mol? dm~® at 293 K
which is larger than the value in 2.2 mol kg~l solutions at 298 K (see
table 1 below). Golub calculated Kgg from

Koo = K, /8 [6]

and the error in Kg4 most likely is due to the neglect of other complex
ions. In a similar study of this quaternary system at 293 K, Gyunner and
Yakhkind (18) report Ag(SCN)g' to be the major species in solution. How-
ever, as pointed out %n the compilation, evidence for the absence of
Ag(SCN)g— and Ag(SCN)j~ is weak, and the computed value of Kg3g cannot be
supporteéd. The Cpg values in these two papers (17, 18) differ by at least
20% and cannot therefore be attributed to the small difference in ionic
strengths (1.8 mol dm-3 (17) compared to 2.0 mol dm=-3 (18). This quaternary
system was studied b{ Cave and Hume (14) at 298 K at a constant ionic
strength of 2.2 mol kg~i. Graphical analysis of their data for 0.06 <
[KSCN] < 2.2 mol kg~l resulted in values for the formation constants Kgo,
Kg3, and Kg4. The values obtained (see Table 1 below) are in agreement with

those from two other studies (16, 21).

Using a turbidimetric method, TeZak and coworkers (13, 15, 23) carried out
detailed studies on the solubility of AgSCN at 293 K in KSCN solutions in
which 0.01 < [KSCN] < 1.2 mol dm~3. The last paper (23) contains only
graphical data and will not be considered in this evaluation. Graphical
analysis of the data resulted in high values for Kg3 and Kgyq (15, 43). The
errors in these calculations are due to the neglect of Ag(SCN)35 in the low
concentration region,_and the fact that for the higher [KSCN] regions, both
A9(SCN)§’ and Ag(SCN)3~ are present in nearly equal amounts so that the
graphical procedure of considering only one species at a time in a particu-
lar [KsScN] region is clearly inapplicable. Woolley (21) measured Cpg by
radioassay in the quaternary AgSCN-KSCN-KClO4-H20 system in which [KsCN]
varied from about 10~6 to 10-1 mol dm~3 at 298 K. Using a relative least

squares technique, the data were fit to the equation
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n
Crg © %: Kgn[SCN-]n—l yl;—l [7]

where y, is the mean molar activity coefficient calculated from the extended
Debye-Hiickel equation. Although Woolley's value for Kgo is too large, it
has little effect on the remaining Kgn values since most measurements were
made for 10-4 < [KscN] < 10-l. The values for K9, (n =1, 2, 3) are in
satisfactory agreement with those of Leden and Nilsson (16) and with those
of Cave and Hume (14) for n = 2,3.

Two studies (10, 16) have reported the solubility of AgSCN in NaSCN solu-
tions. Occleshaw's study (10) is concerned with the phase relationships,
and reports a number of double salts as well as the hydrate NaSCN-AgSCN-2H;(
Leden and Nilsson's work (16), carried out at 298 K in the presence of
NaClO4 to maintain a constant ionic strength (uw), is mainly concerned with
the determination of formation and stability constants. For solutions in
which u = 4 mol dm~3, the double salt NaSCN.AgSCN.2Hp0 is the solid phase
for [NascN] > 0.5 mol dm~3. The formation constants were evaluated
graphically using Kgg values obtained from e.m.f. measurements (33). The
results, along with those of other investigators, are given in Table 1.

TABLE 1 Comparisons of Formation and Stability Constants at 298.15 K

= | = = -
reference u=0 : u 0.113 u 2.2 y 4.0
constant 14 16, 33 21 16, 33 14 16, 33
1012k 1 o1.13 1.08:.02 6.8 ' 1,585.02 6.75 0.77%.02
1 ]
109, ! (10¢3) 6+3 1.7¢.2 | 6%3 ——- 3¢2
1 ]
0%, | 2.77 1.8+.1  1.48:.07 | 1.8:.1 2.5 1.5¢.1
1
I
10%k_; | 4.68 3:2 5.3:.4 | 633 8.0 9+2
1 ]
10%k_, | 0.89 0.5+.5  —-- ! o4x4 7.9 1422
I I
2 ! |
10%R 56 1 --- _— -— P _— 1.1:.2
- ]
107%, 1 - 643 (1.7¢.2) | 422 --- 413
1 ]
1078, | 2.45 1.7+.2  (1.48%.07) | 1.14%.06 0.37 1.9:.2
] 1
107%8, | 4.14 3:2 (5.6:.4) 1 422 1.2 1.24.2
- 1 ]
1071%, 1 0,79 0.5:0.4 --- ' 2,532 --- 18:2
-22, ! :
107%%8,¢ 1 --- — - | = — 2:1

Notes to Table: Data of ref 14 based on weight units; remaining data based
on volume units. Values in parenthesis calculated by the
evaluator. Bp values from ref 21 calculated from eq 6]
taking KQp = 1.00 x 10712 mol2 dm~6, and K9, for ref 14
estimated previously in eq [4].

3. Cationic complexes. Two studies on the solubility of AgSCN in excess
AgNO3 have been published (1, 13). No attempts were made to evaluate poly-
nuclear stability constants, Bpn. The existence of these complexes is
highly probable (43).
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4. Solubility in NH, solutions. The two studies available (2, 9) are not
directly comparable~due to the different concentration units employed, and
the different range in [NH3]. Qualitative agreement is apparent, and both
sets of data can be used as a reference guide for Cpg in NH3 solutions.
The attempt by Abegg and Cox (2) to calculate Kgo is clearly in error. The
source of this error may be the neglect of Ag(SCN){NH3) as discussed
below. Details on Garrick and Wilson's phase study are given in the
compilation.

E.m.f. Measurements

The basis of these measurements is the concentration cell
Ag/ AgNO4 (c,) //salt bridge// KSCN (c;), AgSCN(sat)/Ag [8]

Variations of this cell where the Ag/Ag+ reference electrode on the left
hand side is replaced with a suitable alternate reference electrode has
also been reported. The e.m.f. of the above cell is given by

E = (R1/F) In{lag"),y,/[ag"] v} + Ej [9]
By adjusting ¢y = cj the ratio y:+/y! approaches unity, but elimination of
the liguid junction potential, Eq, has proved to be difficult. 1In the
earlier works (29 - 32), [Ag¥], was calculated as a[AgNO3] (i.e. acy) where
o is the dissociation constant of AgNO3: values of o from 0.82 to 0.93 were
commonly used. For 0.0l mol dm~3 AgNO3 solutions at 298 K, o = 0.82 as
calculated from the equivalent conductivity ratio A/A® (44). E; contribu-
tions have either been ignored (29, 30), assumed to be negligibie due to
the use of a highly concentrated salt bridge solution (31), or estimated
(32) by conventional methods (45). Once [Agt]; is calculated from eq [9],
the solubility product can be calculated from
n

Kgo = [ag]) fo; - Xnx [sen™I"™) = [ag"]) o) [10]
For dilute solutions of [KSCN] < 0.1 mol dm—3, the total concentration of
AgSCN is small compared to c] and the above approximation is valid. It has
been common practice to assume that the solubility of AgSCN is simply
(Kso)l/z. This is however incorrect since, depending upon the SCN~ concen-
tration, the major soluble species are the Ag(SCN)%'n complexes. Kirschner
(31) realized this difference and calculated Cag as KgoBaa[SCN=]: his
result for 291 K of Cpagq =.2.5 x 1074 mol dm~3 is in close agreement with the
observed value of 2 x ?0'4 mol dm~3 at 293 K (13, 15). This result is how-
ever fortuitous since an incorrect value of 5.99 x 109 was used for B2 (46),
Erroneous calculations of Cpg = (Kgp) 1/2 were retained in the compilations
when used by the various investigators.

Jaenicke's results (28) for Kgg at 293, 308, 323, 339 K appear to be con-
sistent with the recommended values (see below). The work was not compiled
because the author did not define experimental conditions or the sources
and purities of materials. Jaenicke also claims to use the activity term
ageN~ in his calculations of Kgg, but recalculation by the evaluator showed
that the concn term [ScN-] was used, and adjustments by the evaluator cannct
be made since the ionic strengths are not given. A value of AH = 22,3
kcal/mol (93.3 kJ/mol) was reported for reaction [1], and a "normal" AH

of 21.5 kcal/mol (90.0 kJ/mol). The term "normal" was not defined.

The paper by Ley and Schafer (29) was not compiled since they do not report
any quantitative data. All remaining papers (20, 21, 32-38) report K 0
values and, with the exception of the values of Leden and Nilsson (33?,
give gualitative results. Three additional papers (36, 38, 52) have not
been compiled because of large errors in the Kgg values.

SDS—1

m—e  mmme=r 1
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Standard Electrode Potentials

Initial attempts (39,40) to measure E°(Ag,AgSCN) yielded inconsistent re-
sults. Additional attempts to reevaluate EC from these original data have
only slightly improved the EC values: e.g. Cave and Hume's recalculation
based on the data of Pearce and Smith (39), and the compiler's correction
to the data of Aditya and Prasad (40). Both works probably still contain
residual errors in Ej or in activity coefficients since the resulting Kgo
values are still in error. The most consistent results have been obtained
by using slightly acidic solutions (41, 42). vVanderzee and Smith's results
are in excellent agreement with those of Lal and Prasad over the temperature]
range of 288-318 K. The resulting Kg values agree with those of Bdttger
(3), Hill (7), and Leden and Nilsson ?33). Also of major significance is
the fact that these E© data lead to enthalpy data which are in agreement
with those values found by direct measurement (47, 48), and from the temper-
ature dependence of the solubility (6, 31, 34). On this basis, the
evaluator concludes that the Kg data based on the E° determinations of
Vanderzee and Smith, and Lal and Prasad should constitute the recommended
values.

Recommended Values

1. Solubility product constant. The Eﬁ(Ag,AgSCN) values from references 41
and 42 were averaged, and KgQp calculated from

2

log (k2 /mo1? kg™%) = (EC(ag,agscN) - EC(ag,Ag*)}/(RT/F) 1n 10 [11]

The recommended data are presented in Table 2. Conversions to volume units
were carried out by the evaluator using the equation

6 2

o 2 -6 _ o 2 - 2
Keo/mol® dm > = (KJo/mol” kg™ °) 4 f12]

o]

where d, is the density of pure water whose values were obtained from
Robinson and Stokes (49). E9(Ag,Ag") was obtained from Owen's paper (50)
and converted to absolute voTts by the compiler.

TABLE 2 Recommended Eg(Ag,AgSCN) and Kz Values from 278-328K

0
T/K ED (Ag,AgSCN) /V Eg(Ag,Ag+)/V lOlngo/molzkg-z lOlZKZO/molzdm-G
278.15 0.0908 0.8188 0.0645 0.0645
288.15 0.0903 0.8090 0.269 0.269
293.15  0.0900 0.8043 0.523 0.521
298.15 0.0895 0.7993 1.003 0.997
303.15 0.0889 0.7944 1.866 1.850
308.15 0.0883 0.7894 3.41 3.37
318.15 0.0868 0.7791 10.79 10.58
328.15 0.0850 0.7691 31.1 30.2
373.15 —— — 1630. 1500. (provisional)

Notes to Table: Average standard deviation in Kgp's is $0.4% as calculated
from experimental error in the e.m.f.'s of #0.1 mV. The

A K2y value at 373 K is from reference 6.

The data in Table 2 were fit to the following smoothing equations:

log (k2 /mo1%kg™?) = -4898/ (T/K) + 4.426 o = 0,004 [13a]




107

COMPONENTS : EVALUATOR:
(1) ?i%ver thi?cyanate; AgSCN; Mark Salomon, U.S. Army Electronics
01-93-5
Command, Fort Monmouth, NJ, U.S.A.
(2) Water; H,0; [7732-18-5]
June 1978

CRITICAL EVALUATION: (continued)

1og(K§0/mol2 dm™®) = -4874/(T/K) + 4.345 o = £0.006 [13b]
Extrapolation of eq [13b] to 373.15 K yields Kgo = 1.9 x 10 %mo1%am™® which

qualitatively confirms Bdttger's value obtained from conductivity data.

2. Thermodynamic functions for reaction [1]. The standard thermodynamic
functions for reaction [1] were computed from the data in Table 2 for the
temperature range of 278-328 K. The recommended values are given in terms
of the following smoothing equations which are based on volume units:

{Eg(Ag,AgSCN) - E2(Ag,Ag+)}/V = -1.0579 + 1.45 x 10'3(T/K)
-9.42 x 1077(T/kK)2 o = +0.0001 [14]

862,/k3 mol™t = 102.07 - 0.140(T/K) + 9.08 x 1070 (T/K)2 o = x0.01 [15]

BHO /3 mol™t = 102.1 - 9.08 x 107°(T/K)2 o = +0.8 [16]
[o} -1 -1 _ -

AssO/JK mol = 139.7 - 0.182(T/K) o= 2.7 [17]
o -1 -1 _ _

ACp/JK mol™ " = -0,18(T/K) o = 37,3 [18]

At 298.15 K eq [16] yields AHZy; = 94.0 kJ mol™l, This value compares
favorably with BSttger's quoteg value (48) of 100.4 kJ mol~l and his experi-
mental value of 87.5 kJ/mol, Jaenicke's value (28) of 93.1 kJ/mol, and
Kirschner's value of 89.1 kJ/mol calcd for the temp range of 291-298 K (31).
Joannis' calorimetric determination of AHQy; = 93.89 kJ/mol at 286.7K is in
excellent agreement with the value of 94.§ kJ/mol calcd from eq [16] for
this temperature. Since AH°0 is a sensitive test for the accuracy of the
Kgo determinations, the evafuator recommends its use as a guide to the
accuracy of K8y data reported as a function of temperature. The work of
Dash, Mohanty, and Panda (20) certainly involves an error based upon this
Criteria as discussed above. Klein's data (34) are difficult to interpret
since the ionic strength of the solutions are not known: i.e. his value of
82.1 kJ mol-l might be correct for AHgg (i.e. at some finite ionic strength),

but is quite low for a AHG, value.

3, Stability and formation constants at 298.15K. Inspection of Table 1
indicates acceptable (i.e. within experimental error) agreement for the ng,
Kg3, K°4 values reported by three different investigators (14, 16, 21),

and moderate agreement between K81 values (16,21). Thus despite the large
standard deviations in these formation constants, it seems reasonable to
propose a set of recommended values. These were arrived at by averaging
those K8,'s for n = 1-3 obtained by Leden and Nilsson (16) and by Woolley
(21)., Cave and Hume's data were not used in the averaging computations
Simply because they do not report any errors in Cpg and Kgp: their inclu-
sion would not produce any significant change in computed Cpag values. The
tentative value for K°4 was taken from Leden and Nilsson (EG). Based on
the calculations presen%ed below, it is clear that the recommended set of
Kgp for n = 1-4 are not sufficient to describe Cpag in solutions of excess
SCN~. Leden and Nilsson (16) and Guynner and Yakgkind (18) find evidence
for polynuclear species. The latter evidence for Agj(SCN)Z™ is weak since
Oother important soluble species (Ag(SCN)%' and Ag(SCN)ﬁ‘) were ignored.
Leden and Nilsson have determined a Kg2¢ value in a 4 mol dm~3 medium, and
for lack of any other data, this value for Kg26 is given along with the
recommended values below: it must however be regarded as highly provisional.
Because of the apparent weaknesses in the calculations of Kgp values at
293 K, the evaluator cannot suggest recommended values, nor does he feel thadt]

S




108

COMPONENTS ¢

(1) Silver thiocyanate; AgSCN;

EVALUATOR:
Mark Salomon, U.S. Army Electronics

[1701-93-5] Command, Fort Monmouth, NJ, U.S.A,
(2) Water; H,0; [7732-18-5]
June 1978
CRITICAL EVALUATION: (continued)

tentative values can be given at this time. Thus the recommended values
at 298.15 K based on volume units are:

Kgo/molzdm—G = (9.97:0.04) x 10 13 [19]
K°, /mol dm™3 = (4%3) x 1078 : [20]
gp/mol dm 7 = (4£3) x 10 0
K° = (1.6 + 0.2) x 1074 [21]

s2
Kga/mol"ldm3 = (4.2%2) x 1073 [22]
k2, /mo1"%an® = (5:¢5) x 1073 (tentative) [23]
K2, s /mol %am® = 0.01 (highly provisional) [24]

The stability constants, Bgn’ can be calculated from this data using the

equation (cf. eq

[6

n

o _ o ,\m
Bon = Ksmn/(Kso) [25]

Solubility of AgSCN in Aqueocus Solutions at 298.15 K

1. The binary system. In pure water at 25°C, the solubility of AgSCN is

governed by the following relationships:

CAg

and

CAg

[ag*] + é? Kgn[scu’]n‘l [26]

[scn™] + Zz: nK:n[SCN_]n—l [27]

Standard equilibrium constants are used since Cpg is small and all activity
coefficients are taken as unity. Equating the two relationships, noting

that
[ag*1[scN™] =2, [28]
we have
n
o -qn -12 o _
%} (n-1)KZ [scn™1" + [seN"]1% - xZg = 0 [29]

Using the recommended Kgn-s, the above equation was solved iteratively to
yield [scN~] = 9.98 x 107 mol dm~3. Thus the only other species present
in significant amounts is AgSCN(ag) and the solubility is, from eq [26],

Ag

The contribution of AgSCN(ag) to C

Y - I - o
o] = KSO/[SCN ]+ K

7 8

+4x10°% =104 x 2078

= 9.98 x 10~ mol dm~3[30]

1

of about 4% is small, but significant:

other species contribute by less tﬁgn 0.02%.
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2. Solutions with excess SCN~. 1In the presence of a salt such as KSCN or
NaSCN, the equations governing the solubility of AgSCN are, considering
only mononuclear species, given by eq [26] and

n
= -1 - -an-1
Cag [ScN™] - ¢ + ? nk_ [scN] [31]

where ¢ is the concentration of added salt, and the Kgn'S are the concen-
tration values. To evaluate these concentration Kg, values, a plot of Kgp
against u1/2 was constructed and specific values were interpolated: with
the exception of Kg2 which is assumed to be independent of ionic strength,
the data used in this plot were obtained from egs [19] - [23] and Table 1.
Combining eqs [26], [28], and [31] yields

n

}; (n-—l)Ksn[SCN_]n + [SCN']2 - cfscN”] - Keg = 0 [32]

If the polynuclear species Agz(SCN)é_ is considered, the analog to eq [32]
is

- n -— - —
4K526[scw ]5 + ? (n-l)Ksn[SCN 1™ + [scN ]2 - cfscn'] - Kso = 0 [33]

and the solubility of AgSCN is given by

n
- -an-1 -4
cAg = Eo: K., [scN™] + 2K826[SCN ] [34]

Equations [32] and [33]were solved by the Newton-Raphson method, and Cag
calculated from eq [26] or [34]. The results are given in Table 3. Thé
data in this table are of interest for several reasons. First they indicate
that for all c values considered, the contributions by mononuclear complexe
to Cpg 1s of prime importance: the contribution by Ag(SCN)3 drops off
rapid?y for ¢ > 0.1 mol dm~3 which explains why this complex has escaped
detection in several investigations. The polynuclear complex makes import-
ant contributions to Cag for values of ¢ > 0.1 mol dm~3. The fact that
all complexes, except perhaps Ag{(SCN)5, exist in nearly equal concentrationg
for ¢ values commonly employed in mos% investigations adds to the difficulty
in the evaluation of the formation constants. The additional fact that
Cave and Hume (14) report formation constants for mononuclear complexes in
a concentration region where the polynuclear species exists in significant
concentrations is another reason their values were not used in the recom-

mended average values for Kgp.

3. Solubility in NH, solutions. In solutions containing ¢ mol dm-3 NH
where ¢ > 0.2, the observed solubility is large enough, and [SCN-] is
small enough, that only complexes involving NH3 need be considered. As a
trial function, it is assumed that only Ag(NH3)§ forms so that

Cpg = [SN7] = [ag(NH3)}] [35]

Equation [35] can be solved with the aid of the following relations:

c = [NH3] + [NHZ] + 2[Ag(NH3);] [36]
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kS = [ag(NH3) 31/ [Ag*1[NE1% = 1.07 x 107 mo1™? anm® [37]
k2 = [NH,1{on"1/[NH,] = 1.78 x 107> mol dm™> [38]

The values for KJ and K2 were taken from Bjerrum's text (51). Assuming
1 2N b
[NHZ} = (ch) /2] the NH3 concentration is obtained from

0)1/2

o 1/2
[NH3]{1 + 2(KSOKN

} -c+ (cxg) =0 [39]

Taking ¢ = 0.226 mol dm_3, eq [39] gives [NH3] = 0,223 and [Ag+] = 1.4
x 1079 mol dm~3 as calculated from

[ag*] =2y /x%) Y/ 2/ [wm, ] [40]

Computing CAg from eq [35] gives Cag = 7.3 x 107%mol am~3 which is not in
satisfactory agreement with the obsérved value of 1.16 x 103 mol dm~3 (2).
This disagreement is not due to the neglect of activity coefficients,
Ag(NH3)+, or mononuclear complexes: e.g. allowing for mononuclear complexes
in egs [35; - [40] gives [Ag(scN)3] = 1.2 x 10~7 mol dm~3 >> [Ag(SCN)§~]

+ [Ag(SCN)4‘]. The difference is assumed to be due to the formation of

Ag (SCN) (NH3) according to

AgSCN (s) + NH,(aq) < Ag(SCN) (NH,) (aq) K [41]
3 3 s111

The solubility of AgSCN is now written as
- +4 -
cAg = [Ag(SCN)(NH3)] + [Ag(NH3)2] =[scN"] + [Ag(SCN)(NH3)] [42]

The solution for the concentration of ammonia is

1/2

[NEg] = {c - (cxg)l/z}/{l + Kopqp ¥ 2(KZO/K§) Kﬁ} [43]

Taking ¢ = 0.226 mol dm—3, Kg111 was adjusted to give the observed value of
Cag- The resulting value for Kgyll is 0.002. Using this value for Kgjjij.
Cag was calculated for various values of ¢ as shown in Table 4.




TABLE 3 Calculations of C,, Based on Equations [26] and {34] at 298.15 K

results from eq [26] results from eq [34]

]
total [scN"] = 0.05 0.10 0.573  0.626 1.066 | 0.10 0,573  0.626 1,066
1 T
10k _, | 5.35 5.7 6.9 6.95 7.4 | 5,7 6.9 6.95 7.4
] {
102Ks4 ' 2,75 3.55 6.4 6.6 8.2 | 3.55 6.4 6.6 8.2
I ]
[SCN 1oquin E 0.04996 0.0999 0.539 0.582  0.885 E 0.0998  0.536 0.578 0,869
- 1 1
103[Ag(SCN)2] ' 0.008 0.016  0.086 0.093 0.142! 0,016 0.086 0,093  0.139
1 1
103[Ag(SCN)§-] ! 0.0134 0.0568 2.00 2.36 5.79 | 0.057 1.98 2.32 5.59
1 1
103[Ag(SCN)i_] E 0.003 0.035 10.0 13.0 56.5 5 0.04 9.84 12.8 53.5
- | i
103[ag, (scN) g1 | ---- —— —ee= === —=== 1 0.002 1,81  2.46  12.6
| t
103CAg(calcd) ' 0.025 0.11  12.1 15,5  62.4 | 0.11 13.7 17.s 71.8
1 1
103CAg(obsd) | ——-- 0.1*  12.4 16.8  85.0 i 0.1% 12.4  16.8 85.0
1 1
1 i

Notes to table: Koo = 1.6 x 10'"4 and K526 = 0.01 are assumed to be independent of ionic strength.

Observed Cp, values from Hellwig (1) with the exception of the single point marked
with an astérisk (*) which was estimated from the data of Leden and Nilsson (16).
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(2) Water; H,0; [7732-18-5]

COMPONENTS : EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.

June 1978

30.
31.
32.
33.
34.
35.
36.
37.

CRITICAL EVALUATION: (continued)

TABLE 4 Solubility of AgSCN in NH3 Solutions at 298 K Calculated from Eq

[42].

c/mol dm~> = 0.226 0.4546 0.612 1.449

(93] quis 0.222 0.448 0.604 1.432

103[ag(scN) (NH.)]  0.435 0.878 1.18 2.81

10%[ag (NH,) 3] 0.725 1.463 1.97 4.68

3

10%c,  (calca) — 2.3 3.2 7.5

103cAg(obsd)2 1.16 2.14 2.95 7.2
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(2)

COMPONENTS : EVALUATOR:
(1) silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.
Water; H20; [7732-18-5]
June 1978

49,

50.
51.

52,

CRITICAL EVALUATION: ‘continued)
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Hellwig, K. Z. Anorg. Chem. 1900,
[1701-93-5] 25, 157-88.
(2) Potassium thiocyanate; KSCN;
[333-20-0]
(3) wWater; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Concentration of KSCN at 25.2%

Mark Salomon

EXPERIMENTAL VALUES:

[xscN]/ mol am™3

-3
CAg/ mol dm

0.573
0.626
1.066
1.12
1.20

1.25

0.0124
0.0168
0.0850
0.0975
0.120
0.134

AUXILIARY INFORMATION

METHOD:

Solns were prepd isothermally at 25.2
©C by adding AgSCN to concentrated
KSCN solns until saturation was achiev]
ed. The solns were thermostated and
water added in steps to ppt AgSCN.
After each addition of water,
aliquots were taken for analysis.
Equil was attained in sealed flasks.
The flasks were mechanically agitated
in a water bath for 4 h (the author
states that 2 h was required to reach
equilibrium). A calibrated pipet, kept]
at 25.29C, was used to withdraw the

SOURCE AND PURITY OF MATERIALS:

The water used in all experiments

- was repeatedly distilled and boiled

prior to use. The AgSCN was pre-
pared by precipitation followed by
washing. No other details were given

aliquots. All samples for analysis
were filtered through a wad of cotton
wool into the pipet. The contents of
the pipet were placed in a beaker and
water added to ppt all the AgSCN. The

ESTIMATED ERROR:

solid was washed, dried, and weighed.
The wash water was combined with the
mother liquor and KSCN determined by
titration (presumably by the Volhard
method) .

REFERENCES ;
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Silver nitrate; AgNO
[7761-88-8]

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

3;

2

ORIGINAL MEASUREMENTS:

Hellwig, K. z. Anorg. Chem. 1900,
25, 157-88,

VARIABLES:

One temperature: 25.2%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

solubility for [AgNo3] = 3 mol/dm3 at

[AgSCN]satd

The author apparently made several determinations of the solubility of
AgSCN as a function of AgNO3 concentration: however he only reports the

25,.2°c.

= 0.00026 mol dm >

AUXILIARY INFORMATION

METHOD:

Solutions were prepared by adding
AgSCN to highly concentrated solns of
AgNO3. Water was added in steps to
precipitate AgSCN and equilibrium
was carried out by mechanical rotation
in sealed flasks in a thermostat.
Aliquots were taken for analysis aftern]
4 h (the author states that equili-
brium is reached within 2 h). A
calibrated pipet which was kept at
25.20C was used to withdraw the
aliquots. All samples were filtered
through a wad of cotton wool directly

SOURCE AND PURITY OF MATERIALS:
The water used in all experiments
was repeatedly distilled and boiled
prior to use. AgSCN prepared by
pptn followed by washing. No other
details were given.

into the pipet. The contents of the
pipet were placed in a beaker and
water added to ppt the AgSCN. The
solid was filtered, washed, and
dried to constant weight. The wash

ESTIMATED ERROR:

Nothing specified,

water and the mother liquor were com-
bined and AgNO3 determined by a
Volhard titration.

REFERENCES :

. e C——CSEES T SR SSESER
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COMPONENTS : .
(1) Silver thiocyanate; AgSCN;

[1701-93-5]
(2) Ammonia; NH3; [7664-41-7]

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

ORLIGINAL MEASUREMENTS:
Abegg, R.; Cox, A.J. J.

1903, 46, 1-12.

Physik. Chemn.

VARIABLES:

Concentration of NH3 at 25°

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Temperature for all data is 25°¢

[§H;]/mol am™3

-3
CAg/mol dm

0.226
0.2794
0.4546
0.46
0.612

1.449

0.00116
0.001518
0.002139
0.00237
0.00295

0.0072

The solubility product of AgSCN, uncorrected for activity effects, was

given as
K_,(AgSCN) = 1.56 x 10712 mo12/am®
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

No experimental details are given.
The authors state that the soly of
AgSCN was determined by weighing the
residue after evaporation of a given
volume of solution whose NH3 content
was previously determined. The soly
product was determined from the
equation

K = K

s0
where the dissociation constant,

Kdigs for Ag(NH3); is 6.8 x 107° mo12
dm~% and the degree of dissociation.
a, of the complex salt Ag (NH3)SCN)
was taken as 0.95 (both values were
obtained from reference 1).

2
aiss Cag/[NHj]

N

Nothing specified.

ESTIMATED ERROR:

Nothing specified.

REFERENCES ;
1. Bodlander, G.; Fittig, R. 2.

Physik. Chem. 1902, 39, 597.




117

Kso(AgSCN)

CAg

= O
K (RgSCN) = K_g

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Ssilver thiocyanate; AgSCN; '
[1701-93-5] BSttger, W. Z. Physik. Chem. 1903,
46, 521-619.
(2) Water; H,0; [7732-18-5] 6
VARIABLES : PREPARED BY:
One temperature: 19.96%% Mark Salomon
EXPERIMENTAL VALUES:
The solubility at 19.96°C in pure water is
- - -3
Cpg = 1+37 x 10 4 g/am®  (8.27 x 107/ mol dm >)
c. 12 = 6.84 x 1073 mo1? an~®

Assuming the mean molar activity coefficient is equal to unity

(AgSCN)

AUXILIARY INFORMATION

METHOD:

A conductivity method was used. The
concentration of AgSCN in a satd soln
was calcd from

{agsen],,, =1000 (agscn) /7 (A9 + A°%) [1]

where A° is the equiv conductance at
infinite dilution (ohm~lcm2/equiv),

and k(AgSCN) is the specific conduct-
ance of the salt (ohm~lcm=1l). The
latter quantity is calcd from

k(AgSCN) = k(soln) - K (H,0) [2]

SOURCE AND PURITY OF MATERIALS:
Analytically pure chemicals (Merck)
were used. AgSCN was pptd from AgNOj3
and KSCN. Ppt 1 was prepared in a
dark room, and ppt 2 was prepd in
daylight. Both ppts were washed re-
peatedly for several days and stored
in the dark. Discoloration was noted
with ppt 2 after 1 h. KCl was puri-
fied by pptn from satd aqueous soln
by adding alcohol (three times). Dis-
tilled water was redistilled from an
all tin plated apparatus, and stored

The conductivity cells were designed
to prevent the occlusion of air
bubbles after sealing. The sealed
cells were rotated in a const temp
bath. Equil was assumed to have been

ESTIMATED ERROR:
Solubility: av dev
Detection limit:
1076 ohm-1
Temperature: 0,01 to $0.02°C

~ t6% (compilen
+0.006 to 0.01 x

attained when the conductivity re-
mained const within experimental
error (2-~3%). Equil was attained in
10-15 minutes. The cond bridge and
thermometer were calibrated, and the
Ccell constants determined by using
0.010M KCl soln.

REFERENCES :
1. Kohlrausch, F. Sitzungsber, d. Alkad]

d. Wissen. 2Zu Berlin 1902, 42, 1031.
2. Ostwald, Lehrbuch d. Allgem.
Chemie.

3. Nernst; Lob,
1888, 2, 948.

Z. Physik. Chemn.

S
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN; Bdttger, W.; 2. Physik. Chem. 1903,
[1701-93-5]
46, 521-619.

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

2

COMMENTS AND/OR ADDITIONAL DATA:

Results using ppt 2 were high (kK (AgSCN) = 0.126 x 10 6) and were discarded.
Ppt 1 was used for three series of measurements in which 4 individual
determinations of k(soln) and «(H20) were made. The results, from eq [2]
are; «(AgSCN) = (0.101:0.012) x 10-6; (0.099£0.007) x 1076, (0.096+0.002) x
10-6. BBttger used k(AgSCN) = (0.096 x 10=6 in eq [1]. 'The values for A}
and A% at 200C were estimated from the 189C data using the equation

2°(20°%) =2°(18°c) {1 + o A t} [3]

where o = temp cogfficient and At is the difference in temp in %c. For Agﬁ
o = 0.0229 (1), A;(18°C) = 54.5 (recalculated by Ostwald (2) usigg the
original data of Nernst and Lob {3) ). For SCN~ Bdttger gives A_.(18°C) =
56.63 and a = 0.0221 which presumably comes from one of Kohlrausch's papers
(no reference was given). At 20°C BBttger gives the following (in units of
ohm~1em2/equiv)

A = 57.0 ; 2% = 59.1
To estimate the precision of the soly determination, the compiler summed
the squares of the errors in k(H0), «(AgSCN), and the average error due to
the limit of detection according to

2 -6 ohm_l cm-l

o ={(0.0032 + 0.0022 + 0.0082)/2} /2 = 10.006 x 10

This average error (+6.5%) does not include any errors which may be associ-
ated with the evaluation of the A's.

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

in a flask fitted with a drying tube
containing NaOH and CaO.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Foote, H.W. am. Chem. Jour. 1903,
[1701-93-5] 30, 330~44 : z. Physik. Chem. 1903,
(2) Potassium_thiocyanate; KSCN; 46, 78-86.
[333-20-0]
(3) water; H20; [7732-18-5]
VARIABLES : PREPARED BY:

Composition at 25%%

Mark Salomon

EXPERIMENTAL VALUES:

Composition of solutions given in weight percent.

solution phase

solution phase

AgSCN KSCN solid phase AgSCN KSCN solid phase
0.0 70.38 A 20.41%* 50.91 c,D
0.0 70.68 A 20.46 50.55 c,D
9.46 66.44 B,C 20.40 50.81 C,D
8.95 66.80 B,C 20.32 49.43 D
9.56 66.42 B,C 18.34 32.51 D
9.60%* 66.46 B,C 16.41 24,68 D

10.62 66.47 C 16.14 23.89 D,B

11.76 61.25 C 16.01 23.83 D,B

13.55 58.34 C 16.05* 23.88 D,B

17.53 53.21 o]

*See discussion under METHOD
A = KSCN
B = AgSCN
C = 2KSCN-AgSCN
D = KSCN.AgSCN [62928-04-5]
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

Weighed amounts of all components
Placed in a glass tube, heated until
(when possible) both salts dissolved,
and placed in a Noyes solubility
apparatus at 25°C. Aliquots removed
for analysis when equilibrium was
attained (method of attainment not
specified). Solutions analysed for

Ag gravimetrically by adding water to
ppt AgSCN, filtered, dried at 100-120
OC. Remaining SCN™ in the filtrate
was determined by acidifying with
HNO3 and titrating with AgNO3 using

Nothing specified.

ferric alum indicator. By assuming
that no hydrates are formed, the solid|
bPhase composition could be computed
by differences. 1In several cases

which are indicated with an asterisk

ESTIMATED ERROR:

Nothing specified.

(*) in the data table above, equili-

brium was achieved by adding water to
4 mixture of solid KSCN or AgSCN with
the appropriate double salt.

REFERENCES :
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COMPONENTS :
(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Potassium thiocyanate; KSCN;
[333-20-0]

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

2

ORIGINAL MEASUREMENTS: (continued)
Foote, H.W. am. Chem. Jour. 1903,
30, 330-44: z. Physik. Chem. 1903,
46, 79-86.

COMMENTS AND/OR ADDITIONAL DATA:

The compiler has converted the original data into molal units.

[AgscN]/mol kc_;_l [kscn]/mol kg-'1 [agscN]/mol kg_l [kscw]/mol kg_l
0.00 24.45 4.29" 18.27
0.00 24.80 4.26 17.94
2.37 28.37 4.27 18.16
2.22 28.34 4.05 16.81
2.40 28.45 2.25 6.81
2.42% 28.57 1.68 4.31
2.79 29.85 1.62 4.10
2.63 23.35 1.60 4.08
2.90 21.36 1.61% 4.09
3.61 18.71

AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS :
(1) Silver thiocyanate; AgSCN;
[1701-93-5]
(2) KBr;

Potassium thiocyanate; KSCN;
5) Water; H20; [7732-18=5]

ORIGINAL MEASUREMENTS:

Kuster, F.W.; Thiel, A.
Chem. 1903, 33, 129-39.

Z. Anorg.

Potassium bromide;
(3)

[333-20-0]
VARIABLES :

[7758-02-3]
(4). sulfuric acid; H,S04; [7664-93-9]
Concentrations of KSCN and KBr

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES: Solubility data are

based on e.m.f. measurements at 25°C

on cells containing KSCN and KBr solutions saturated with AgSCN and AgB?.
Concentrations given in units of mol/dm3, and e.m.f.'s (Ej; and E2) are in V.

7

——

[kscnl*  E; E4* 1032[agt] 107 s

0.100 0.122 0.015 13.6 10.8

0.090 0.120 0.017 14.6 11.2

0.070 0.115 0.022 17.8 12.4

0.067 0.112 0.025 19.9 13.1

0.066 0.113 0.024 19.2 12.8

0.067 0.113 0.024 19.2 12.8

0.068 0.113 0.024 19.2 12.8

0.059 0.115 0.022 17.8 12.4

0.060 0.118 0.019 15.8 11.7

0.055 0.119 0.018 15.2 11.4

0.030 0.131 0.006 9.57 9.07

0.000 0.137 0.000 7.59 8.08t
*[KBr] = 0.100 - [KSCN] ; **E, = 0.137 - E, *kk g = Eztal solubil-

(A§SCN + AgBr)

In 0.100M KSCN solution,
Kgo (AgSCN) = 1.17 x 10712 mo1%/am® ;  s(agscw) = 1.08 x 107® mo1/am’

AUXILIARY INFORMATION

w&gogkperimental cell is
Hg,HgZClz/KCl(lM)//KNOB(lM)//KBr(xM)-

KSCN(O.l-x),AgBr(sat),KSCN(sat)fA%
1
The e.m.f.'s of cell [1] were added tg
give the e.m.f. of cell [2] (Ej):

Ag/AgX(sat),KX(O.lM)E KBr (0.1M), -

AgBr (sat) /Ag [2]
where X = Br or SCN, or a combination

SOURCE AND PURITY OF MATERIALS:

Nothing specified.

of the two anions. The [Ag*]; on the
left hand side was obtained from

log[ag*], = E,/0.002k + loglaghl_

The [Ag+]r on the right hand side was
Obtained from the soly product of

ESTIMATED ERROR:

Assuming an uncertainty of +0.002V
in Ei, stnd dev in Kgp is + 0.09 x
10-12 mpl2 am=6 and + 0.04 x 10-6
mol dm~3 for the soly (compiler).

KBrl (= 6.53 x 10-13) assuming a 0.1M
KBr soln is 86% dissociated? All
solns were prepd by mixing 0.1M AgNO3
with 1 em3 1M KX, 5 cm3 0.1M HSOgz,
and 785 cm3 water. The soly S given
én the above table was calculated

rom

52

0.1 x 0.86 x [AgT]

REFERENCES ;

1. Kuster, F.W.; Thiel, A.
Chem. 1900, 24, 25.

2, Nernst, W. Theoretisch.
1898,

Z. Anorg.

Chemie.
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COMPONENTS : ORIGINAL MEASURE :
(1) Silver thiocyanate; AgSCN; HENTS
[1701-93-5] Lucas, R. Z. Anorg. Chem. 1904, 41,

(2) Silver cyanide; AgCN; [506-64-9] 193-215

(3) Potassium dicyanoargentate; *
KAg (CN)p; [506-61-6]

(4) Potassium thiocyanate; KSCN;

[333-20-0]
(5) Water; Hy0; [7732-18-5]
VARIABLES: PREPARED BY:
Nature of the starting materials Mark Salomon

EXPERIMENTAL VALUES:
The author determined the solubility of AgSCN from studies on the following

equilibrium reaction:
AgAg(CN) ,(s) + KSCN ¥ Kag(CN), + AgSCN (s)

The experimental temperature was 25°C, and all concentrations are in units
of mol dm~3; K . is expressed in mol? dm~6,

s0
- 12
[KSCN]init [KAg(CN)Z]init [KAg(CN)Z]equil Cag 107“K (AgSCN)
0.1093 _— 0.0827 1.27 x 10°° 1.61
0.0536 — 0.04051 1.27 x 107° 1.62
— 0.05361 0.04023 1.29 x 107° 1.67

Av values and their stnd deviations calcd by the compiler are:

C. = (1.28+0.01) x 10~° mol am™3
Ag
K o (AGSCN) = (1.64:0.03) x 10712 no1? am™®
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

The relative soly method was used.
Mixtures of KSCN + AgCN or KAg(CN)s +| Nothing specified.
AgSCN with water were equilibrated
isothermally at 259c with shaking.
Equilibrium was attained in 1-2 days
(no details given). The soln was
rapidly filtered, aliquots taken and
Ag2S pptd with NazS. The ppt was
washed, dissolved in dilute warm
HNO3, cooled and Agt determined by
titration with standard NH4SCN.

ESTIMATED ERROR:
Solubility: see DATA part above.

Nothing else specified.
REFERENCES :
N 1. Kuster, F.W.; Thiel, A. 2. anorg.

chem. 1903, 33, 129,

2. Abegg, R.; Cox, A.J. Z. Physik.
chem. 1903, 46, 1.

3. Kuster and Thiel 2. Anorg. Chem.
1900, 24, 25.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN;
[1701-93-5] Lucas, R. z. Anorg. Chem. 1904, 41,
(2) Silver cyanide; AgCN; _
[506-64-9] 193-215,

(3) Potassium dicyanoargentate;
KAg(CN)5; [506-61-6]

(4) Potassium thiocyanate; KSCN;
[333~20-0]

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

] COMMENTS AND/OR ADDITIONAL DATA:

Neglecting the possible formation of Ag (SCN)3 and Ag(SCN-CN)-, the equil-

ibrium constant for the above reaction, Kiyr, is given by

Krpp = [Ag(CN);]/[SCN—] = K, (AgAg (CN) ,) /K_ (AgSCN) 1]

K111 is calcd directly from the data in the above table. Lucas' original
intent was to calculate Kg( (Ag Ag(CN)2) from eq [1] using previously deter-
mined values for Kgg(AgSCN). However, the only data at 259C available to
Lucas were those of Kuster and Thiel (1), Kgp = 1.17 x 10-12, and Abegg

and Cox (2), Kgg =1.56 x 10-12. To determine the correct value of

Kso (AgSCN), Lucas used the mean value of Kgg(AgAg(CN)2) = 5.01 x 10-12 jp
eq [1] with the experimental Kryr values. The latter soly product was
determined by Lucas in the same paper compiled elsewhere in this volume)
from studies on the exchange reactions

AgAg(CN),(s) + KCl ¥ KAg(CN), + AgCl(s) [2]

4

KAg (CN), + AgBr (s) (3]

Lucas' average value of Kgg(AgSCN) = 1.64 x 10712
the value of 1.56 x 10~-12 found by Abegg and Cox.

AgAg(CN)z(s) + KBr

is in good agreement with

Lucas then uses Abegg and Cox's value of Kgg(AgSCN) and his experimental
K111 values (see below) to calculate Kgp(AgAg(CN)32) values. Thus the
reader will find another compilation for Kgg (AgAg(CN)2) which uses the
same data as given in the above data table.

As an example of how Lucas calculated the Kryy values, consider the first
data point in the above data table:

Kitp = 0.0827/(0.1093 - 0.0827) = 3.109

For uninegative ions, Kirr should be independent of ionic strength since
from eq [1], it is seen that mean activity coefficients should cancel.
Thus the Kgg (AgSCN) value obtained from eq [1] will in fact be the standard
value, K8g, depending upon whether the corresponding Kgg (AgAg(CN)32) is a
standard value or the value at a specific ionic strength. In computing
this soly product from egs. [28 and [3], Lucas used the Kgq(AgCl) and
Kso (AgBr) values of 2.0 x 10-10 (3) and 6.4 x 10-13 (3), respectively.
The data from references 1 and 3 involve several assumptions concerning
liquid junctions and the degree of dissociation, and are not corrected

for activity effects. In the compilations for AgCN based on equations [2]
and [3], the compiler has used more recent data for K9y values for AgCl
gnd AgBr, and has computed the following average value based on Lucas'

ata:

12 2 6

K:o(Ag Ag(CN),) = (4.3%0.4) x 107°° mol® dm"

Using this value in eq [1] with Lucas' average Kyry = 3.07%0.06, the
compiler arrives at the value

KO, (AgSCN) = (1.420.8) x 10”2 mo1? am™®

6 3

¢ =(Kgo)l/2 = (1.2%0.4) x 10°° mol dm~

Ag
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Bdttger, W. 2z. Physik. Chem. 1906,
[1701-93-5] 56, 83-94.
(2) wWater: H20; [7732-18-5]
VARIABLES : PREPARED BY:
One temperature: 100°¢ Mark Salomon

EXPERIMENTAL VALUES:
At 100.0°C in pure water,

c 6.4 x 1073 g/dm>

Ag

K (AgSCN) (c

Ag)

- o]
Kyo(AgSCN) = K_,(AgSCN)

(3.9 x 10~

1.5 x 10~

5 mol/dm3)

3 molz/dm6

Assuming the mean molar activity coefficient is equal to unity,

AUXILIARY

INFORMATION

METHOD:

A conductivity method was used. The
vessel (1) was Pt-lined with quartz
insulation and the second electrode
was a Pt-Ir cylinder suspended in the
center. The sealed vessel, which could
be pressurized, was placed in a xyleng
temp bath. The concentration of AgSCN
in the satd solns was calcd from

[Agscn]sat =1000k (AgSCN) /A [1]

where « specific conductance of
AgSCN (ohm~ em™l) and A is the equiv-
alent conductance (ohm-lcm2/equiv).
Assuming complete dissociation, A =A
=A9 +A2 k (AgSCN) was determd from

2]

k (AgSCN) K (soln) - K(HZO)

SOURCE AND PURITY OF MATERIALS:

Commercial c.p. grade materials were
used. AgSCN was prepared by pptn from
0.1M solns of AgNO3 and NH4SCN in the
dark. The ppt was stored in distilled
water for several weeks being renewed
several times daily by decantation.

ESTIMATED ERROR:
Solubility: +2.9% (author).

Temperature: not specified. _
Conductivity measurements: +3 x 10
ohm—1

7

Four independent measurements for k
(soln) were made at 100.1°C and were
corrected to 100.00C as described
below. The conduct vessel was cali-
brated at 18 and 99.8°C with 0.01M
NacCl.

REFERENCES :

1. Noyes, A.A.; Coolidge, W.D. 2.
Physik. Chem. 1903, 46, 325.

2. Bbttger, W. z. Physik. Chenm.
1903, 46, 521.

3. Quoted by Ostwald. Lehrbuch der
Allgem. Chemie. 2, 335-439,.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) silver thiocyanate; AgSCN;
[1701-93-5] BSttger, W. Z. Physik. Chem. 1906,

(2) water; H,0; [7732-18-5] 56, 83-94.

COMMENTS AND/OR ADDITIONAL DATA:

At room temp (18-22°C) the conductivity of the satd solns was constant
within 1-2 minutes after vigorous shaking demonstrating that equilibrium
was rapidly attained. However at 100°C the conductivity slowly increased
linearly with time, and was attributed to the slow dissolution of impuri-
ties. BOttger therefore made two «(AgSCN) measurements for the first
run_after 95 and 125 minutes at 100.19C (k = 14.76 and 15.18 x 10~ ohm~1
cm‘l, respectively): the rate of increase is thus 0.84 x 10-6 ohm-1 cm‘l/h.
Using this value to correct all four experimental runs, the compiler
computes an average value of k(AgGSCN) = (13.79%0.30) x 10~6 ohm-1l em-1,
K (Hp0) was determined by first making measurements at 46°9C and 100°C: the
ratio of these two measurements was 1.88+0.08. Before each run, Bdttger
measured « (Hp0) at 46°C and multiplied this value by the ratio 1.9 to
obtain the value of k(H30) at 100°C for each of the four experimental
runs.

To correct the specific conductivity of AgSCN to 1009C Bdttger estimated
the temp coefficient by adding the temp coeff of AgNO3 (0.88%) at 100°C
obtained by A.C. Melcher (no reference was given) with the value (ds/S)dT
calcd from

(4S/8)dT = AH__._/2RT? = 0.040 [3]

soln
where S is the soly and AHgolp = 24,000 cal (3). Thus the temp coefficient
is 0.04 + 0.009 = 0.049, and the final value for « (AgSCN) at 100.0°C is
13.7 x 1076 ohm~} em~l. Bbttger gives a value of 13.9 x 10-6 which is
probably due to a rounding-off error: the compiler can duplicate the «
values for AgCl and AgBr from Bdttger's data so that the above difference
is not due to an error in calcn by the compiler.

To obtain the equivalent conductivity of AgSCN at 100.0°% Bdttger assumes
that the ratio (A (AgNO3) - Ao(AgSCN»/AO(AgNO3) is twice as large at 20°C
than it is at 100°9C: at 20°C this ratio = 4.6%, and at 100°C it equals
2.3%. Using Melcher's value (no reference) A, (AgNO3) = 367 at 100°C,
BSttger obtains A, (AgSCN) = 359 ohm—1 cm?/equiv at 100°C.

Combining the solubility of AgSCN at 100°C with the value obtained at

200C (2) Bdttger, using the integrated form of eq [3], calculates a heat of
solution, AHgolns = 20.92 kcal/mol which is in agreement with the value
obtained by Tomsen (3).
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; .
[1701-93-5] Hill, A.E. J. am. Cchem. Soc. 1908,

(2) Silver chloride; Agcl; [7783-90-6]| 30, 68-74.
(3) Potassium chloride; KC1;

[7447-40-7]
(4) pPotassium thiocyanate; KSCN;
[333-20-0]
(5) Water; H»0; [7732-18-5]
VARIABLES: PREPARED BY:
One temperature: 25% Mark Salomon

EXPERIMENTAL VALUES: The equilibrium studied was
AgSCN(s) + KC1 < AgCl(s) + KSCN K, = [scn"1/[ct™] [1]
Neglecting ion-pair formation, complex ion formation, and activity effects,

K%, (AgSCN) = K, -Kg( (AgCl) [2]
In the table below Kp was obtained from the exptl results of Hill and
Kgo(AgSCN) was caled by the compiler from eq [2] taking Kgo(AgCl) =1.76 x

1010 1o12/amé (onnverted to these units from mol2/kg2 by the compiler from
the data given in reference 1). The recalculation of KgO(AgSCN) by the

compiler is necessary because in the original paper, Hill used an incorrect
value (2) for K9,(AgCl) = 2.6 x 10-10 mol2/dm6. u is the ionic strength in
mol/dm3.

13,0

M KA 10 Kso(AgSCN)
0.1980 0.00527 9,26
0.1940 0.00518 9.10
0.0504 0.00585 10.28
0.0492 0.00573 10.07
0.0101 0.0060 10.54
0.0101 0.0057 10.02

Average values are: -3
KA = (5.62+0.33) x 10

K2, (AgSCN) = (9.88%0.57) x 10713 no1? am®

AUXILIARY INFORMATION

METHOD: SOURCE AND PURLITY OF MATERIALS:
A relative soly method was used. Satd|Ag salts prepd by pptn from hot solns

solns were prepared isothermally at of "pure" AgNO3 and KCl or KSCN, and
259C. Three solns were prepd starting|washed until free of Cl~ and SCNT.
with AgCl and KSCN, and three more AgCl redissolved in ag NH3, pptd with
starting with AgSCN and KCl. With HNO3 and washed. The salts were stored
stirring equilibrium was stated to moist in the dark. KCl and KSCN

be attained in less than 1 h. After (Kahlbaum, c.p.), the latter free of
4-6 h the solid phases were allowed Cl-, were used as received. No other
to settle and aliquots withdrawn for |getails were given.

analysis. The solns were analysed
simultaneously for SCN~ and Cl1l~ by
the Volhard method, and separately
for SCN™ by colorimetry (no details
given). ESTIMATED ERROR:

Standard deviations given above were
calcd by the compiler.

REFERENCES:

1. Wagman, D.; Evans, W.H.; Parker,
V.B.; Halow, I.; Bailey, S.M.;
Schumm, R.H. Selected Values of
Chemical Thermodynamic Properties.
U.S. National Bureau of Standards
TN-270-3, 1968; and 270-4. 1969.

2. Kohlrausch; Rose, Z. Physik. Chemn,
1893, 12, 241.
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o
Kso(AgSCN)

the data given in reference 1).

_ o
= KB-KSO(AgBr)

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; : ’
[1701-93-5] Hill, A.E. J. Am. Chem. Soc. 1908,
(2) silver bromide; AgBr; [7785-23-11|30, 68-74.
(3) Potassium bromide; KBr;
[7758-02-3]
{4) Potassium thiocyanate; KSCN;
[333-20-0]
{5) water; HZO; [7732~18-5]
VARIABLES : PREPARED BY:
One temperature: 25°% Mark Salomon
EXPERIMENTAL VALUES: The equilibrium studied was
AgSCN(s) + KBr < AgBr(s) + KSCN Ky = [scn~1/0Br"] [1]

Neglecting ion-pair formation, complex ion formation, and activity effects,

[2]

In the table below, Kp was obtained from the exptl results of Hill, and
KgO(AgSCN) was calcd by the compiler from eg [2

taking Kgo(AgBr) 5.31 x

10713 012 dmé (converted to these units from mol2/kg2 by the comgiler from
u is the ionic strength in mol/dm

A relative soly method was used. Satd
solns were prepared isothermally at
250C, Two solns were prepared starting
with KBr + AgSCN, and two more with
KSCN + AgBr. Ionic strengths were
either about 0.05 or 0.2 mol/dm3. With
Stirring, equilibrium was stated to be
attained in less than 1 h. After 4 h
the solid was allowed to settle and
aliquots of soln taken for analysis.
Total Br~ + SCN™ determined by the
Volhard method, and Br~ separately by
the method of Rosanoff and Hill (2).

COMMENTS AND/OR ADDITIONAL DATA:

Hill's original intention was to use
the Kg value to calc Kgqg(AgBr) from
eq [2?. The value of Kgq(AgSCN) was
Obtained from the studies on the
reaction

AgSCN(s) + KCL < AgCl(s) + KSCN [3]
Reaction [3] is compiled elsewhere in
this volume.

13,0
u Kp 107°K_, (AgSCN)
0.1852 1.862 9.88
0.1872 1.815 9.63
0.0477 1.891 10.04
0.0500 1.841 9.77
Average values are:
KB = 1.85 +0.03
k2, (AgSCN) = (9.83:0.17) x 1072 mo1? an™®
AUXTLTARY INFORMATION
METHOD:

SOURCE AND PURITY OF MATERIALS:
Ag salts prepared by pptn from hot

soln of "pure" AgNO3 and KSCN or KBr
were washed until free of Br~ or SCNT
Both salts were stored moist in the
dark. KSCN (Kahlbaum, c.p.) free of
Cl-, and KBr (Baker and Adamson,
A.R.) were used as received. No other
details given.

ESTIMATED ERROR:

Nothing specified by author. Standard
deviations given above were calcd by
the compiler.

REFERENCES:

1, wagman, D.; Evans, W.H,; Parker,
V.B.; Halow, I.; Bailey, S.M.;
Schuram, R.E. Selected Values of
Chemical Thermodynamic Properties.
U.S. National Bureau of Standarxds
TN-270-3. 1968; and 270-4. 1969.
Rosanoff; Hill, J. Am. Chem. Soc.
1907, 29, 1461,

2,
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; . ,
[1701-93-5] Kirschner, A. Z. Physik. Chemn.
1912, 79, 245-7.
(2) Potassium thiocyanate; KSCN;
{333-20-0]
(3) Water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:

Two temperatures: 18 and 25%%

Mark Salomon

EXPERIMENTAL VALUES:

C is the total solubility of AgSCN

in 0.1 mol/dm> KSCN.

Ag
o -3* 12 2 L -6
t/ C CAg/mol dm 10 Kso/mol dm
18 2.5 x 10_4 0.49 (average of 5 measurements)
25 1.16 (average of 3 measurements)
*Computed value: see COMMENTS AND/OR ADDITIONAL DATA below.
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERTALS;

E.m.f. measurements were made on the
cell

Ca ¢
Ag/AgNO3(0.1M)//NH4NO3//KSCN(.1M)/-

conc

AgSCN,Ag

The cell e.m.f.'s were measured at
room temp (1809C) and in a regulated
water bath at 259C. Equil e.m.f.'s
were recorded after about 2 h when
agitation did not change the e.m.f.
The av e.m.f.'s were 0.586V at 18°C
and 0.578 V at 250C. The [Ag*] in the
satd soln was calcd from

log Cy = log c, - EF/2.3RT
The author uses dissociation constant
of 0.815 and 0.86, resp, for 0.1M
AgNO3 and KSCN solns at 18 and
259C: no reference was given for
either of these values.

Silver wire electrodes were cleaned
with emery paper followed by ingition
The Ag electrode in the KSCN soln was
almost completely covered with solid
AgSCN. The electrodes were checked

by placirg 0.1M AgNO3 soln in both
sides of the cell (a zero e.m.f.
resulted). No other details were
given.

ESTIMATED ERROR:
Kggt © +4% (compiler)

Nothing else specified.

REFERENCES :
1. Bodlinder, G.; Eberlein, W.
Z. Anorg. Chem. 1903, 39, 197.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN; Kirschner, A. 2Z. Physik. Chem.
[1701-93-5]

1912, 79, 245-7.
(2) Potassium thiocyanate; KSCN;
[333-20-0]

(3) wWater; H,0; .[7732—18-5]

COMMENTS AND/OR ADDITIONAL DATA:
The total solubility of AgSCN in excess KSCN was calculated assuming the
predominant complex formed is the mononuclear sgecies Ag(SCN)3. Using

Bodlinder and Eberlein's (1) value of 5.99 x 107 for the overall formation
constant B, the solubility at 180C was calcd from

- - 3
cAg = [Ag(SCN)Z] = KsoBz[SCN ] = Ksosz(o.l)(o.as) = 0.00025 mol/dm

The calculation was not repeated for 25°¢ presumably since the author did
not have a value for 82 at this temperature.

The author calculated the heat of solution of AgSCN from

AH = {RTsz/(Tz—Tl)}ln(Cz/Cl) = 21.3 kcal/mol = 89.1 kJ/mol

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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Concentration of KSCN at 25°C

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
{1) Ssilver thiocyanate; AgSCN; Randall, M.; Halford, J.0. J. am.
[1701-93-5]
Chem. Soc. 1930, 52, 178-91.
(2) Potassium thiocyanate; KSCN;
[333-20-0]
(3) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[kscN]/mol kg-l CAg/mol kgfl
0.312 0.00202
0.564 0.0121
0.870 0.0458
1.124 0.0985

AUXILIARY INFORMATION

METHOD:

KSCN solns of known strength were
rotated in bottles containing excess
AgSCN in a thermostat (259C) for
several days. The solns were analysed
gravimetrically by pptn of AgSCN:
this was accomplished by oxidizing
the excess SCN™ by heating with

2M HNOj.

SOURCE AND PURITY OF MATERIALS:

AgSCN was prepared by precipitation
from a dilute AgNO3 solution with
KSCN in the presence of dilute HNO3.
No other details are given.

COMMENTS AND/OR ADDITIONAL DATA:

The authors attempted to analyse
data in terms of the equilibrium

Ks2
The computed values for Kg2 varied by
a factor of 10 over the range of KSCN
concentrations studied, and they
concluded that higher complexes of
the type Ag(SCN)rll"n where n > 2

were present,

AgSCN(s) + SCN~ < Ag (SCN),

theiqy

ESTIMATED ERROR:
Nothing specified.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Masaki . K. Balz SEh s son
[1701-93-5] i, K. Bull. Chem. Soc. Jpn.

1930, 5, 345-8.
(2) Potassium thiocyanate; KSCN;

[333-20-0]
(3) water; H,0; [7732-18-5]
VARTABLES : PREPARED BY:
One temperature: 18°C Mark Salomon

EXPERIMENTAL VALUES:
Five measurements of the e.m.f. of the experimental cell were made at
180C in 0.1 mol dm~3 solutions.

e.m.f./V 101 [ag*1/mo1 am™®  10%%k% /mo1an~® 106CAg/mol am™3
0.545 1.2 1.3 1.1
0.550 1.0 1.1 1.0
0.552 0.9 1.0 0.9
0.549 1.1 1.0 1.0
0.551 1.0 1.0 1.0
av 0.549 1.0 1.1 1.0
*Calculated by the compiler.
The experimental errorsin the e.m.f.'s are not known, but the above data
give a reproducibility of + 0.003 V. Thus the errors listed below are
Standard deviations in the reproducibility based on the data in the table.
Errors arising from the accuracy of the e.m.f. measurements are unknown.
The assumption that Cag = [Kggll/2 is an approximation for 0.1 mol dm-3
SCN- solns (see the critical evaluation). This data is presented by the
Compiler only because it was given by Masaki in the original publication.
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:
E.m.f. measurements were made for the £ e ; 1
cell Water © specific_ conductivity equa
to 1.2 x 10-6 ohm~l em~1 was used.
- AgSCN was prepared by pptn from a
Ag/AgN03(O.OlM)//NH4N03(satd)/ soln of KSCN and "purified" AgNO3

followed by washing. Kahlbaum KSCN
was recrystallized before use.
"Pure" Ag wire electrodes were used.

KSCN(0.1M), AgSCN(satd)/Ag

The cells were thermostated at 18°C ij
the dark, and all readings were taken
after 1 hour. The e.m.f. of the

above cell is given by

e.m.f, = (0.53)(0.116)1og (0.01a/[Ag 1) ESTIMATED ERROR:
E.m.f.'s: 3 mv (comgiler)
where 0.53 is the transport number of| Kgg: * 1 x 10~13 mol2 dm~6 (compiler)
N0§ (assumed value), and o is the Temperature: + 0.1°C
degree of dissociation of AgNO3 in

0.01M soln: o = 0.93 (no reference is

given). Kgp and solubilities were

calculated from
1/2

solubility = Kgp® = (0.1 x[ag’])

REFERENCES :

1/2
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[{1701-93-5]

[7664-41-7]

(2) Ammonia; NH

37

(3) Water; H,O0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Garrick, F.J.; Wilson, C.L. Chem.

1932, 835-41.

J.

Soc.

VARIABLES:
Concentration of NH3 at 25°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Equilibrium was attained in several h
by mechanically stirring in a thermo-
stat at 25.00°C. Liquid phase samples
titrated with HNO3 using bromophenol
blue indicator, and the AgSCN ppt
washed, dried at 110°C, and weighed.
Each datum point is the mean of two
determinations. A plot of [NH3
[agscN] showed two breaks near [NH3]
= 2.276m and 3.049m. Direct analysis
of solid failed due to decomposition.
Indirect identification affected by

analysis of satd soln with A 10% solid
for total NH3, AgSCN, and H20 (by
difference). Assuming all the water
was initially present in soln, the
solid phase was identified by mass
balance considerations. In the region
where AgSCN.1/2NH3-1/2H20 is pre-
sumed to exist, calculations gave
fractional values of NH3 and the
water of hydration is an assumed
value.

againdt

Concentrations are in mol kg_l; temperature = 25.00%.

[NH3] 103[AgSCN] solid phase [NH3] 103[AgSCN] solid phase
1.026 5.17 A 3.684 19.91 C
1.587 8.54 A 3.767 20.31 C
1.840 10.01 A 4.335 22.84 o]
2.178 12.34 A 4.504 23.41 C
2.276 12,92 A 5.27 27.24 of
2.440 13.76 B 5.36 27.71 C
2.581 14.54 B 6.60 34.89 C
2.848 15.90 B 7.47 40.62 C
2.915 16.35 B 8.94 51.8 C
3.049 17.34 B 9.91 62.0 C
3.217 17.80 C 11.36 79.1 C
3.325 18.42 (o} 14.69 159.6 o]

Solid phases:

A = AgSCN

B = ? = AgSCN-1/2NH;-1/2H,0

C = AgSCN-NH,4

AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

AgSCN was precipitated from solns of
AR grade NH4SCN and AgNO3. The ppt
was washed, and in some cases dried
at 110°c.

ESTIMATED ERROR:
Solubility: +0.4% (reproducibility)
Solid phase analysis: +1-5%
Temperature: +0.0l0C

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Occleshaw, V. J. J. Chem. Soc.
[1701-93-5] 1932, 2404-10.
(2) Ammonium thiocyanate; NH 4 SCN;
[1762~95-4]
(3) wWater; H,0; [7732-18~5]
VARIABLES : PREPARED BY:
c ,
2gggentratlon of all components at Mark Salomon
EXPERIMENTAL VALUES:
Composition of solutions expressed in weight percent.
solution phase solution phase
AgSCN NH,SCN solid phase AgSCN NH,SCN solid phase
0.00 64.33 A 33.14 44,27 [
3.19 63.37 A 33.29 40.25 C
4.48 62.87 A,B 33.44 36.04 C
4.51 62.70 B 34,10 31.10 C
9.46 57.07 B 35.09 28.19 c,D
17.16 51.42 B 30.88 26.86 D
24,80 48.22 B 14.92 19.57 D
30.38 46.18 B 3.19 1 10.66 D
33.18 45,13 B,C 0.00002 0.00 D
A = NH4SCN
B = 5NH,SCN-AgSCN
C = NH,SCN-AgSCN; [14038-74-5]
D = AgSCN
AUXTLIARY INFORMATION
e ———
METHOD: SOURCE AND PURITY OF MATERIALS:

Mixtures containing an excess of one
Or both salts shaken at 40°C and then
thermostated at 259C: equilibrium
€stablished by duplicate analysis at
2 day intervals. The total SCN~ was
determined gravimetrically by pre-
Cipitating AgSCN with a slight excess
of AgNO3. The total Ag content was
determined by heating an aliquot with
con HNO3, evaporating to near dryness
adding water, and titrating with
Standard NH4SCN (Volhard method).

The compiler assumes that the solid

Phases were analysed by the method
Oof residues.

A.R. grade NH4SCN was used as re-
ceived. AgSCN residues from previous
studies were dissolved in aqueous
NH4SCN, filtered, precipitated with
water, washed with water, ethanol,
and air-dried at 120°C. Distilled
water was used.

ESTIMATED ERROR:

Solubility: < +2% (reproducibility)

Temperature: 10.05°C

REFERENCES:

1. Masaki, K. Bull. Chem. Soc.

Jpn. 1930, 5, 345.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN;
[1701-93-5] Occleshaw, V.J. J. Chem. Soc.

(2) Ammonium thiocyanate; NH,SCN; 1932, 2404-10.

[1762-95-4]

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

2

COMMENTS AND/OR ADDITIONAL DATA:

The compiler has converted the original data into molal units. These
conversions, along with the phase diagram, are presented below.

[AgscN]/mol kg'l [NH,SCN] /mol kg'l Hy0
0.00 23.69
0.57 24.90
0.83 25.30
0.83 25.12
1.70 22.40
3.29 21.50
5.54 23.48
8.84 25.74
7.58 19.98
6.60 15.51
5.90 11.74
5.76 10.09
4.40 8.35
1.37 3.92
0.22 1.63
— 0.0 o Q\\\\\\\
A B c

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Occleshaw, V.J. J. Chem. Soc.
[1701-93-5] 1932, 2402-10.
(2) Potassium thiocyanate; KSCN;
[333-20-0]
(3) water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
ggnggggratlon of all components Mark Salomon
EXPERIMENTAL VALUES:
Composition of solutions expressed in weight percent.
solution phase solution phase
AgSCN KSCN solid phase AgSCN KSCN solid phase
0.00 70.89 A 20.56%* 54,09 c
5.12 68.77 A 20.58 50.01 c
9.19 66.88 A,B 20.28 47.72 C
9,22 66.31 B 20.04 43.02 c
11.78 61.39 B 19.24 35,88 C
13.06 59.29 B 16 .68 25.40 C
l6.12 55.21 B l16.10 23,15 c,D
18.74 52.13 B 11.39 20.98 D
20.57 50.53 B 6.69 16.97 D
1.29 1 9.67 D
0.00002 0.0 D
*metastable
A = KSCN
B = 2KSCN.AgSCN
C = KSCN-AgSCN [62928-04-5]
D = AgSCN
AUXILIARY INFORMATION
;\
METHOD: SOURCE AND PURITY OF MATERIALS:

Mixtures containing an excess of one
Or both salts shaken at 40°C and then
thermostated at 25°C: equilibrium
€stablished by duplicate analysis at
2 day intervals. Inoculation with the
solid phase was carried out to prevent
the formation of metastable solid
Phases. Total SCN~ was determined
gravimetrically by precipitating
AgSCN with a slight excess of AgNOj3.
Total Ag content was determined by
heating an aliquot with con HNOj,

A.R. grade KSCN used as received.
AgSCN residues from previous studies
were dissolved in aqueous NH4SCN,
filtered, precipitated with water,
washed with water, ethanol, and
air-dried at 1200C. Distilled water
was used.

€vaporating to near dryness, adding
water, and titrating with standard
NH4SCN (Volhard method). The compiler
assumes that the solid phases were
analysed by the method of residues.

ESTIMATED ERROR:

Solubility: < +2% (reproducibility)

Temperature: iO.OSOC

REFERENCES ;

1. Masaki, K. Bull. Chem. Soc. Jpn.
1930, 5, 345,

2. Foote, H.W. Am. Chem. Jour.

1903, 46, 79.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) silver thiocyanate; AgSCN; Occleshaw, V.J. J. Chem. Soc.
[1701-93-5] 1932, 2404-10.

(2) Potassium thiocyanate; KSCN;
[333~20-0]

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

COMMENTS AND/OR ADDITIONAL DATA:

The compiler has converted the original data into molal units. These con~
versions, along with the phase diagram, are presented below.

H20
[AagscN]/mol kgl  [KscN]/mol kg'l
0.00 25.06
1.18 27.10
2.31 28.76
2.27 27.88
2.65 23.54
2.85 22.06
3.39 19.82
3.88 18.41
4.29 17.99
4.89 21.96
4.22 17.50
3.78 15.34
3.27 11.98
2.58 8.23
1.74 4.51
1.60 3.92
1.01 3.19
0.53 2.29
0.09 1.12
--- 0.0 . mmmmee—- Foote (2)
present work
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Occleshaw, V.J. J. Chem. Soc.
[1701-93-5] 1932, 2404-10.
(2) sodium thiocyanate; NaSCN;
[540-72-7]
(3) Water; H,0; [7732-18-5]
'
VARIABLES: PREPARED BY:
ggggentratlon of all components at Mark Salomon
EXPERIMENTAL VALUES:
Composition expressed in weight percent.
solutions solutions
AgSCN NaSCN solid phase AgSCN NaSCN solid phase
0.00 58.78 A 12,72 54,34 B,C
5.09 56.94 A 12.68 54,36 (o}
9.80 55.42 A 11.53 48.51 C
12.11 54,76 A,B 11.21 42,49 C
12,14 54.55 A,B 11.14 38.31 C
12.17 54,73 A,B 11.06 25.42 c
12.21 54.80 A,B 12.61 17.24 c,D
12.23 54.78 B 10.09 17.55 D
12.54 54.46 B 1.74 1.2 9.19 D
0.00002"' 0.0 D
A = NaSCN-2H20
B = 3NaSCN-AgSCN
C = NaSCN-AgSCN.2H,0 [66418-41-5]
D = AgSCN
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

Mixtures of excess AgSCN or NaSCN
shaken at 40°C and then thermostated
at 25°C: equilibrium established by
duplicate analysis at 2 day inter-
vals. Mixtures containing solid NaSCN
seeded to prevent formation of
metastable mixtures. Total SCN~
analysed by pptn with excess AgNO3.
Ag was determined by heating an
aliquot with conc HNO3, evaporating
to near dryness, addition of water
and titrated by the Volhard method.
The compiler assumes that the solid
phases were analysed by the method of
resgidues.

AgSCN residues from previous studies
dissolved in ag NH4SCN, filtered and
pptd with water. The ppt washed with
water, alcohol and air-dried at 120°(
Commercial NaSCN recrystallized sever|
al times from water, 96% ethanol,
and air-dried at 120°C. Distilled
water was used.

ESTIMATED ERROR:

Solubility: > +2% (reproducibility)

Temperature: 10.05°C

REFERENCES :

1. Kuster, F.W.; Thiel, A. 2. Anorg.
Chem. 1903, 33, 129.

2. Masaki, K. Bull. Chem. Soc. Jpn.

1930, 5, 345.

SDs—p
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Occleshaw, V.J. J. Chem. Soc.
(2) ?gjsf?zfgiocyanate; NaSCN; 1932, 2404-10.

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

COMMENTS AND/OR ADDITIONAL DATA:

The double salts are crystalline, colorless, and have refractive indices

between 1.65 and 1.75. The dehydration of NaSCN-:2H20 was studied at 25°C
and there is no indication that the monohydrate exists. The compiler has
converted the authors original data into molal units. These conversions,
along with the phase diagram, are presented below.

[AgSCN]/mol kg™t [NascN1/mol kg™t

0.00 17.59
0.81 18.50
1.70 19.66
2.20 20.39
2.20 20.20
2.22 20.40
2.23 20.49
2.23 20.48
2.29 20.36
2.33 20.35
2.32 20.34
1.74 14.97
1.46 11.32
1.33 9.35
1.05 4.94
1.08 3.03
0.84 2.99
0.12 1.27

0.00

H,0
A
c
AW

NasScCN AgSCN
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thermostated at 25°9C: equilibrium
established by duplicate analysis at
2 day intervals. Barium was deter-
mined by the Volhard method using
standard AgNO3. Total SCN~ determined
gravimetrically as AgSCN by precipi-
tation with AgNO3. The amount of
AgSCN was obtained by difference.

The compiler assumes that the solid
Phases were analysed by the method of
Yesidues.

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; occleshaw, V.J. J. Chem. S
[1701_93_5] s ’ Je . em. Soc.
1934, 1892~5,
(2) Barium thiocyanate; Ba (SCN) ,;
[2092-17-3]
(3) Water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:
ggnggggration of all components Mark Salomon
EXPERIMENTAL VALUES:
Composition of solutions expressed in weight percent.
solution phase solution phase
AgSCN Ba(SCN)2 solid phase AgSCN Ba (SCN) , solid phase
0.0 62.1 A 35.79 39.54 1:2:2 , 1:3:2
4.29 61.39 A 35.79 39.02 1:3:2
12,58 58.91 A 35.13 38.41 1:3:2
17.04 57.36 A 34,58 37.49 1:3:2
22.58 55.99 A 34,28 37.13 1:3:2
22,98 55.91 A, 1l:1:2 34.01 36.78 1:3:2
23,91 55.20 1:1:2 33.79 36.04 1:3:2 , B
25.01 54.14 1:1:2 27.99 34.50 B
26.35 53.23 1:1:2 23.24 32.20 B
27.89 52,61 1:1:2 14.67 27.00 B
29.17 52.01 {1:1:2 and 4.47 18.18 B
1:2:2
29,81 47.74 1:2:2 0.75 1 9.68 B
31.67 44,28 1:2:2 0.00002 0.00 B
34,70 40.61 1:2:2
A = Ba(SCN)2-3H20
B = AgSCN
1:1:2 = Ba(SCN)Z-AgSCN-2H20
1:2:2 = Ba(SCN)Z-ZAgSCN-2H20
1:3:2 = Ba(SCN)2-3AgSCN'2H20
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:
Mixtures containing an excess of one Commercial Ba(SCN)é recrystallized
or both salts shaken at 40C°C and then| several times and dried over CacClj.

AgSCN residues from previous studies
were dissolved in aqueous NH4SCN,
filtered, precipitated with water,
washed with water, ethanol, and
air-dried at 1209C. Presumably
distilled water was used.

ESTIMATED ERROR:
Solubility: nothing specified but
probably +2% as in prior work (2).

Temperature: iO.OSOC

REFERENCES ;
1. Masaki, K. Bull. Chem. Soc. Jpn.
1930, 5, 345.
2. Occleshaw, V.J. J. Chem. Soc.

1932, 2404.
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COMPONENTS : ORIGINAL MEASUREMENTS: {(continued)
(1) Silver thiocyanate; AgSCHN;
[1701-93-5] Occleshaw, V.J. J. Chem. Soc.
(2) Barium thiocyanate; Ba(SCN)Z; 1934, 1892-~5.
[2092-17-3]
(3) Water; H,O; [7732-18-5]
COMMENTS AND/OR ADDITIOMAL DATA:
The data support the existence of three double salts 1:1:2, 1:2:2, and

1:3:2. No congruent point occurs
double salts. These double salts
1.65, are anisotropic and biaxial
they are monoclinic.

on the solubility curve of any of these
have refractive indices greater than
with optical properties that suggest
The compiler has converted the original data to
molal units which are presented below.

[AgSCN]/mol kg-l [Ba(SCN)z]/mol kg"l Ho
0.00 6.46 2
0.75 7.06
2.66 8.15
4.01 8.84
6.35 10.31
6.56 10.45 &
6.90 10.42 !
7.23 10.24 '
7.78 10.28 l
8.62 10.64 d
9.34 10.90 :
8.00 8.39
7.94 7.26
8.47 6.49
8.74 6.32 _ \
8.56 6.11 a R
8.00 5,73 ;4====‘-5.- \\\
7.46 5.30 A , ‘\\\_ O
7.23 5.12 LN \Re ¢
7.02 4,97 /// B N, \\
6.75 4.71 c D
4.50 3.63 g
3.14 2.85 a(scn, AgSCN
1.52 1.83 B =1:1:2
0.35 0.93 C = 13:2:2
0.05 0.43 D = 1.3.

0.0
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(2) Potassium thiocyanate; KSCN;
[333-20-0]

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

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Pearce, J.N.; Smith, L. J. am. Chen.
[1701-93-5]

Soc. 1937, 59, 2063-5.

VARIABLES :
One temperature: 259%

pe——

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

ED, for the Ag,AgSCN half-cell.

o]
Kg (AgSCN)

Pearce and Smith:

o
Kso(AgSCN)

o =
Ko (ARGSCN)

The object of the authors' work was to evaluate the standard molal potentiall
They did not report a value for the soly
pProduct Kgo(AgSCN), but using their data, the compiler obtains

= 1.24 x 10~

Cave and Hume (1) have recalculated Kso(AgSCN) using the original data of

= 1.13 x 10~

Based on the compiler's conversion of E; values to absolute volts,

1.11 x 10~

12 1012 /kg2

12 1012 /kg2

12 1012 g2

——

AUXILIARY INFORMATION

METHOD;

E.m.f. measurements were made on the
following cells at 25°C:

Ag,AgSCN/KSCN (0.1M) //KC1(0.1m) /~

Hg,Cl,,Hg [1]
and
Ag,AgSCN/KSCN(0.1m)//K(Hg)//~-
KSCN (0.01m) /AgSCN, Ag [2]
The e.m.f.'s of these cells are
written as
Ey = E; + Ej = 0.17765V
E = =
2 = (2RT/F)In(agy /3y ;) = 0.1121V

With those two measurements, the
authors calculated the e.m.f.'s of
the celis

H2/H+(a=1)//KSCN(0.1m)/AgSCN,Ag [3]
and
HZ/H+(a=1)//KSCN(O.Olm)/AgSCN,Ag [4]

LUsing published data (2) for the cell

SOURCE AND PURITY OF MATERIALS:

The authors state that all materials
were purified by approved methods.
The Ag,AgSCN electrodes appear to
have been made by covering crystals
of cathodically produced silver with
AgSCN as described in ref. 5.
Electrical contact was presumably
made by physical contact with a Pt
wire embedded in the Ag crystals.

ESTIMATED ERROR:
E.m.f. measurements: +0.01 mV

Nothing else is specified.

REFERENCES :
l. Cave, G.C.B.; Hume, D.N, J. Am.

chem. Soc. 1953, 75, 2893,
Lewis; Brighton; Sebastian,
Chem. Soc. 1917, 39, 2245,
Scatchard, G. J. Am. Chen.
1925, 47, 2098.

Lewis; Sargent, J. Am.

2, J. Am.

Soc.

Chem. Soc.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN; Pearce, J.N.; Smith, L. J. Am. Chem.
[1701-93-5] soc. 1937, 59, 2063-5.
(2) Potassium thiocyanate; KSCN;
[333-20-0]

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

COMMENTS AND/OR ADDITIONAL DATA:

The solubility product of AgSCN at 25°C is obtained from the equation

log K2 (AgSCN) = (EC (Ag,AgSCN) - ED (Ag,Ag*))/0.05916 [8]

Taking Eg(Ag,Ag+) = 0.7991v at 25°C (6) and Pearce and Smith's value for

ER (Ag,AgSCN) gives the first entry in the data table above. Cave and Hume
(1) pointed out that tpe E5 value used by Pearce and Smith is incorrect
since it is actually Es: correcting for the lig junction potential (Ej =
1.8mvV as caled from the Henderson equation), we have E5 = Eg - Ej = 0.3356
- 0.0018 = 0.3338vV., Introducing this result into eq [6] and taking the
mean molal activity coefficient for 0.lm KSCN equal to 0.769 (7), it is
found that E%(Ag,AgSCN) = 0.0921v. Using eq [8] gives KQp(AgSCN)= 1.12

x 10~12 mo12/kg2. "Cave and Hume report a value of 1.13 x 10-12 which was
obtained by correcting the former value for the activity of water in 0.1lm
KSCN soln (Robinson and Stokes give ay = 0.997): i.e. according to Cave and
Hume, Ag+ exists as the tetrahydrate Ag* (H20)4, and

12

kO, (AgSCN) = 1.12 x 1071%/af = 1.13 x 10712 no1?/kg?

Finally the compiler has taken Cave and Hume's Eg data and converted them

to absolute volts. The results, given below, were used to calculate the
results given on the previous page by use of eq [8].

EC(Ag,AgSCN) = 0.0921 V (abs) ; E;(Ag,Ag+) = 0.7993 V (abs)

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
H,/H' (a=1)//KC1(0.1m) /HgoCly,Hg  [5]
1

Bg = Eg

The e.m.f.'s for cells 3 and 4 are:

+ Ej = 0.3356V

- -— - o —
Ey = Eg-E; = E_(Ag,AgSCN)
0.0591610g(aKSCN) [6]
and
= E.- = o -
E, = Eg + %52 E, = E (Ag,AgSCN)

ESTIMATED ERROR:

0.05916 log(agg.y [7]

Evaluating the lig junction potential, REFERENCES :
Ej , for cell [1] by the method of CES:

Lewis and Sargent (4), calculating 1909, 39, 363.

the mean molal activity coefficients 5. Linhart, G. J. Am. Chem. Soc.
(3), and taking Eg as 0.3356V, both 1919, <41, 1175.

equations [6] and [7] yield 6. Latimer, W.M. oxidation Poten-
Eg(Ag,AgSCN) = 0.0947V. tials. 2nd Edition Prentice-Hall.

New Jersey. 1952,

7. Robinson, R.A.; Stokes, R.H.
Electrolyte Solutions.
Butterworths. London. 1955.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; McKerrow, A.K.; Occleshaw, V.J.;
[1701-93-5] Drabble, F. J. Chem. Soc. 1946,
(2) calcium thiocyanate; Ca(SCN)3; B, 1 - 5.
[2092-16-2]

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

VARIABLES: PREPARED BY:

Concentration of all components

at 200C and 25°C Mark Salomon

EXPERIMENTAL VALUES:

Composition of solutions expressed in weight percent. The 20°C are marked
with an asterisk (*); all other data are at 25°C.

solution phase solution phase
AgSCN Ca(SCN)2 solid phase AgSCN Ca(SCN)2 solid phase
0.00 60.20 a-A 31.01 25,15 B,C
4,03 58.80 a—A 30.70 24,52 c
7.49 57.05 a -3 22.88 21.72 c
7.52 57.03 a-3,B 15.42 19.23 c
8.50 55.21 B 11.74 17.33 c
8.26 54.74 B 8.09 15.01 C
10.27 50.76 B 3.42 1 14.11 C
13,09 44,99 B 0.00002 0.00 C
14,96 41,95 B 0.00* 59.10 g-a
19,22 37.02 B 4.,24* 57.27 B-a
25.71 29.12 B 5.19* 56.85 B-A
26.74 37.86 B 7.50% 56.41 B-A
29.79 25.47 B 8.73*% 55.44 B-A
A = Ca(SCN)2-4H20
B = Ca(SCN),-2AgSCN°2H,0
C = AgSCN
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Mixtures containing an excess of one Commercial Ca(SCN)2 was recrystal-
or both salts shaken at 40°C and then | lized several times. AgSCN residues
thermostated at 20 or 259C for from previous studies were dissolved
periods of up to one week. Equilibriun] in NH4SCN, filtered, precipitated
was established by duplicate analysis | with water, washed with water and

at 2 day intervals. Solutions contain- ethanol, and air-dried at 120°C.

ing solid Ca(SCN)2 were seeded to Distilled water was used.

prevent formation of metastable
phases. The removal and separation
of solution and solid samples for
analysis was carried out at the
thermostat temperature. The solid

phases were analysed by the method of

residues. For the solutions, Ca was ESTIMATED ERROR:

determined by the Volhard method Solubility: not specified but
using standard AgNO3, and the total probably 2% as in prior work (2).
SCN™ determined gravimetrically as Temperature: 25 % 0.05°C

the Ag salt. The amount of AgSCN was 20°C not specified.
obtained by difference. REFERENCES :

1. Masaki, K. Bull. Chem. Soc. Jpn.
1930, 5, 345.

2. Occleshaw, V.J. J. Chem. Soc.
1932, 2404.
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COMPONENTS: ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;
[1701-93-5] McKerrow, A.K.; Occleshaw, V.J.;
(2) Calcium thiocyanate; Ca(SCN)j; Drabble, F. J. Chem. Soc. 1946,
[2092-16-2] 5, 1-5.
(3) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

Ca(SCN)2 was found to be dimorphous: the transition point between the «o
and B phases was determined to be 23,8°C, The compiler has converted the
original data into molal units which are given below.

[agscN]/mol kg™!  [ca(scw),1/mol kg™t
0.00 9.68
0.65 10.12
1.27 10.30
1.28 10.30
1.41 9.74
1.35 9.47
1.59 8.34
1.88 6.87
2.09 6.23
2.65 5.41
3.43 4.13
3.55 3.93
.01 3.64
4.26 3.67
4.13 3.50
2.49 2.51
1.42 1.88
1.00 1.56
0.63 1.25
0.25 1.10
B 0.00
0.00% 9.25
0.66% 9.52
0.82% 9.59
1.25% 10.00

1.47%* 9.90
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COMPONENTS :

(1) Ssilver thiocyanate; AgSCN;
[1701-93-5]

(2) Potassium nitrate; KNO3;
{7757-79-1]

(3) Potassium thiocyanate; KSCN;
[333-20-0]

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

ORIGINAL MEASUREMENTS:

Stubiéan, V.; TeZak, B. Arhiv. Kem.
1950, 22, 75-84.

VARIABLES :
Concentration of KSCN at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

cAg [xscn]
0.10 1.000
0.05 0.840
0.025 0.707
0.015 0.615
0.010 0.540
0.005 0.441
0.0025 0.352
0.0015 0.281
0.0010 0.259

All concentrations are in units of mol dm

3

cAg [KscN]
0.00070 0.233
0.00050 0.200
0.00025 0.150
0.00020 0.105
0.00015 0.094
0.00010 0.080
0.00007 0.056
0.00005 0.050
0.000025 0.025
0.000013 0.019
0.000007 0.010

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The solubilities were determined
turbidimetrically with a Zeiss
nephelometer and a Pulfrich photo-
meter in green light (530 mp). KSCN
solutions of known concentration were
mixed at 200C with solns of varying
AgNO3 concentrations, and the rela-
tive turbidity plotted against time.
For a given time the AgNO3 concentra-
tion is plotted against the relative
turbidity and extrapolated to zero
turbidity. The solubility of AgSCN

SOURCE AND PURITY OF MATERIALS:
Analytical grade chemicals and
distilled water were used.

is calculated from the concentration
of AgNO3 at which, for a given [KSCN],
the turbidity disappears (i.e. the
extrapolated value).

ESTIMATED ERROR: .
The authors report an experimental
precision of +2-3% in the solubili-

ties and +0.1°cC.

REFERENCES:




146

COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;

[1701-93-5] Stubican, V.; TeZak, B. Arhiv. Kem.
() Forasslyn Jitrates KO3 1950, 22, 75-84.
(3) Potassium thiocyanate; KSCN;

[333-20-0]
(4) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The relative turbidity of the various solutions was determined after 0.5,
1, 2, 4, 5, 10, 20, and 60 minutes. There was a problem of selecting a
time for which the extrapolated turbidity would have the value of zero.
At larger concentrations (values not specified) of the reacting species,
different times tended to give the same extrapolated value. However this
was not always the case as different times gave different extrapolated
values for the low concentrations. For the cases where extrapolated
values for different times did not agree, the authors - selected a time

at which the particles of the precipitate were fully grown, but had not
started to settle.




14

7

Concentration of AgNO3 at 20°%

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Ly . ¥ ,
[1701-93-5] Stubican, V.; Tezak, B. Arhiv. Kem.
(2) Potassium nitrate; KNOj3; 1950, 22, 75-84.
[7757-79-1]
(3) Silver nitrate; AgNOj3;
[7761-88-8]
(4) water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[AgNO3]/mol am™3 [AQSCNJsatd/mol am™3
1.020 7.0 x 1074
0.912 5.0 x 1074
0.804 3.5 x 1074
0.640 2.5 x 1074
0.550 1.5 x 1074
0.470 1.0 x 1074
0.354 7.5 x 107°
0.301 5.0 x 107°
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :
The solubilities were determined
turbidimetrically with a Zeiss
nephelometer and a Pulfrich photo-
meter in green light (530 mu).
AgNO3 solutions of known concentra-
tion were mixed with solutions of
varying KSCN concentrations, and the
relative turbidity plotted against
the KSCN concentration and extra-
polated to zero turbidity. The
solubility of AgSCN is calculated
from the concentration of KSCN at
which, for a given [AgNO3], the
turbidity disappears (i.e. the
extrapolated value).

fOMMENTS AND/OR ADDITIONAL DATA:

See previous page for comments.

SOURCE AND PURITY OF MATERIALS:
Analytical grade chemicals and
distilled water were used.

ESTIMATED ERROR: .
The authors report an experimental

precision of #2-3% in the solubili-
ties, and #0.10C range in temp.

REFERENCES:
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are given below):

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Aditya, S.; Prasad, B. J. Indian
[1701-93-5] Chem. Soc. 1952, 29, 293-5.
(2) Ammonium thiocyanate; NH4SCN;
[1762-95-4]
(3) Water; H,0; [7732-18-5]
VARTABLES : PREPARED BY:
One temperature: 29-30°% Mark Salomon
EXPERIMENTAL VALUES:
The data of Aditya and Prasad were recalculated by the compiler (details

o _ -
KSO(AgSCN) 1.82 x 10

The original value based on the authors’ e.m.f. measurements is

° _ -
Koo (AgSCN) = 1.94 x 10

12 6

m012 dm”

12

mol2

dm—6

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :
E.m.f. measurements were made on the
following cell at room temp:

Hg,H92C12/KC1(sat)//KCl(sat)//—
NH4SCN(xM)/AgI,Ag

Six solns were studied where [NH4SCN]
0.1, 0.08, 0.06, 0.04, 0.02, and
0.01 mol/L. The e.m.f. of the half-
cell Ag,AgI/NH4SCN(xM) is given by

E = EC° - (RT/F) 1ln(xy:)

where y. is the mean molar activity
coefficient of NH4SCN. The observed
e.m.f. of the cell is given by

E (o]

obs - E

= Epcal + (RT/F)1n(xy,) [1]
Using an extrapolation method based on
an extended Debye-Hiickel relation for

Vs Eébs = 0.1501V. The soly product

of AgSCN was calculated from
o _ O _ noO
1n Kgq (E EAg,Ag+)F/RT [2]

The value of T used in eq [2] was
303.2K (30°C).

SOURCE AND PURITY OF MATERIALS:

Ag,Agl electrodes were prepared by
the method of Owen (1). NH4SCN
stock solutions were standardized
by titration with standard AgNO3
using ferric alum indicator. No
other details were given.

ESTIMATED ERROR:

Nothing specified. E.m.f. measure-
ments were made with a Leeds and
Northrup K-type potentiometer, and

EObS values are reported to 1/100 mvV.

REFERENCES :

1. Owen, B.B.; J. Aam. Chem. Soc.

1935, 57, 1526.

2. Owen, B.B.; Brinkley, S.R. J. Aanm.
Chem. Soc. 1938, 60, 2233 (convert-
ed to absolute volts by the
compiler).
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Y g8CN; Aditya, S.; Prasad, B. J. Indian

Chem. Soc. 1952, 29, 293-5.
(2) Ammonium thiocyanate; NH4SCN; T
[1762-95-4]

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

COMMENTS AND/OR ADDITIONAL DATA:

The intercept with its standard deviation was redetermined by the compiler:
E8ps = 0.15005+0.00006 V. This value leads to a standard deviation of #*
0.25% in the soly product which is meaningless since the magnitude of other
sources of error are unknown (e.g. in temp, liqg junction potential, and
measured e.m.f.).

Several problems appear to be present in the determination of the E® value:
E® is calculated from eg [1] using Epcal = 0.2378 V. K8y is then calculated
from eq [2].

However, the calcd Kéo still contains an error since the authors use a value
of ERy agt = 0.7922V at 30°C whereas the compiler calculates a value of
0.79?30 ?2) at this temperature. Using the authors' values it is found that
EC = 0.0878 V and from_eq [2], Kgg = 1.94 x 10~12, However the authors
report Kgg = 1.4 x 1012 (as do teritiary sources such as Seidell (3) ).
This difference is evidently due to a juxtaposition error since the latter
Kgp value results from taking EO = 0.0788V. Taking EXg ag*t = 0.7942v at
309C, the compiler computes the following value: !

k2, (AgSCN) = 1.82 x 10712 no1? an”®
AUXTLIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :

3. Linke, W.F.; Seidell, A.
Solubilities of Inorganic and
Metal-Organic Compounds. American
Chemical Society. Washington, D.C.
1958.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Cave, G.C.B.; Hume, D.N. J. Am. Chem.
[1701-93-5 1] soc. 1953, 75, 2893-7
(2) Potassium nitrate; KNOj3; o= ’ °
[7757-79-1]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Water; H,O; [7732-18-5]
VARIABLES: PREPARED BY:
Concentration of KSCN at 25°C Mark Salomon
EXPERIMENTAL VALUES:

KNO., was used to maintain a constant ionic strength of 2.2 mol/kg. The

temperature is 25°cC.

[KScN]/mol kg™t Cpg/mOL kg™t [KSCN]/mol kg™ ! | Cag/mol kg™t
0* 1.1 x 107° 0.2744 2.21 x 1073
0.00548 1.62 x 107 0.2774 2.28 x 1073
0.01033 3.65 x 107° 0.3343 3,70 x 1073
0.04133 3.00 x 107° 0.4443 8.26 x 1073
0.04440 3.36 x 10°° 0.5572 0.0146
0.06662 7.99 x 107° 0.5536 0.0146
0.08885 1.39 x 1074 0.7783 0.0376
0.1111 2.38 x 1074 1.114 0.0981
0.1334 3.56 x 1074 1.688 0.2684
0.1779 7.25 x 1074 2.252 0.61
0.2224 1.28 x 1073

*Binary AgSCN/H20 system

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Satd solns were prepared by rotating
excess solid AgSCN in KSCN solns in a
thermostat at 259C for 1-2 weeks. The
soly bottles were waxed on the inside
and painted black on the outside.
KNO3 was used to adjust the ionic
strength of all solns to 2.2 mol/kg.
Equilibrium was established by dupli-
cate analysis, and was approached
from undersaturation except for the
0.005m soln and binary system where
equil was approached from both direc-
tions. Solid and liquid for analysis
was separated by centrifuging. Analy-
sis of total Ag in soln was carried
out gravimetrically as AgSCN for the
highly concentrated solns, polaro-
graphically for intermediate concen-
trations, and colorimetrically with
p-dimethylamino benzalrhodanine at
low concentrations. The soly of AgSCN
in the binary AgSCN/H20 system was
determined by a nephelometric

method.

SOURCE AND PURITY OF MATERIALS:
AgSCN was prepared from AR grade
AgNO3 and recrystallized AR grade
KSCN: conductivity water was used.
For solns where [KSCN] < 0.4m,
recrystallized reagents in conduct-
ivity water were used. For [KSCN]
> 0.04m, solns were prepared from
AR grade reagents with distilled
water.

ESTIMATED ERROR: o
Temperature: + 0.05°C
Soly of guaternary system, not given
Soly of binary system: + 3%
(precision) -

REFERENCES :

1. Pearce, J.N.; Smith, L. J.
Chem. Soc. 1937, 59, 2063.
Robinson, R.A.; Stokes, R.H.
Trans. Faraday Soc. 1949, 45,
612,

Am.

2.
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Pee———

COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93~5]

(2) Potassium nitrate; KNO3;
[7757-79-1]

(3) Potassium thiocyanate; KSCN;

[333-20-0]

(4)

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

ORIGINAL MEASUREMENTS:

(continued)
Cave, G.C.B.; Hume, D.N. J. Am.
chem. Soc. 1953, 75, 2893-7.

COMMENTS AND/OR ADDITIONAL DATA:

agt + nsen” 2 Ag(SCN)i
Pearce and Smith (1) as described in

cal 1lm reference state). To calc the
activity effects (i.e. the 2.2m KNOj3

the table below.

Assuming that only mononuclear complexes
stability constants for reaction 1 for n =

They also recalculated the standard soly

Combining this Kgo value with v+ = 0.
ed from the literature (2), and Y+ calcd
multiply charged anions, the standard Bp

form, the authors determined the
1-4.
-n
B, [1]

product, Kgo, from the data of
compilation on this paper.

for singly charged anions estimat-
from the Debye-Hlickel equation for
values were calcd (the hypotheti-
equilibrium constants uncorrected for
reference state), yvi(Agt was estimated

the
553

as 0.300 and the stnd values were then used to obtain the values given in

hypothetical Im 2.2m KNO3
constant soln ref state reference state
Kso/molz/kgz 1.13 x 10712 6.75 x 10 12
B,/kg?/mo1? 2.45 x 108 3.7 x 107
B,/kg/mo1’ 4.14 x 10° 1.2 x 10°?
64/kg4/mol4 7.86 x 10° 1.2 x 1010
AUXILIARY INFORMATION

—

METHOD /APPARATUS /PROCEDURE ¢

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS ¢
(1)

(2)
(3)
(4)

Silver thiocyanate; AgSCN;
[1701-93-5]

Potassium nitrate; KNO3;
[7757-79-1]

Potassium_ thiocyanate;
[333-20-0]
Water; HZO;

KSCN;

[7732-18-5]

ORIGINAL MEASUREMENTS:
Kratohvil, J.; TeZak, B. Arhiv.
1954, 26, 243-56.

Kem.

VARIABLES:

Concentration of KSCN at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[KSCN Jtot is the total KSCN added to

the initial AgNO3 solution: therefore

each solution contains KNO3 in a concentration equal to that of AgSCN.

CAg/mol dm™3 [KSCN]tot/mol am~3 CAg/mol am™3 LKSCN]tOt/mol am™~3

0.1 1.205 0.002 0.276

0.06 0.95 0.001 0.2025

0.04 0.84 0.0006 0.179

0.02 0.648 0.0004 0.1538

0.01 0.485 0.0002 0.108

0.002 0.42 0.0001 0.0795

0.004 0.36

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Turbidimetric method. Solns of AgNO3
and KSCN were mixed and at equili-
brium the turbidity measured (estab-
lishment of equil not described, but
measurements probably made within 1 b
as described previously (1) ). The
soly of AgSCN was calcd from the
concentration of KSCN at which, for
a given [AgNO3], the turbidity
disappears. The precipitation
reaction is:

SOURCE AND PURITY OF MATERIALS:
All chemicals were analytically
pure, and presumably used as recei-
ved. Distilled water with a_fpecific
conductance of 2 x 1079 ohm™1 cp=
was used.

AgNO, + KSCN < AgSCN(s) + KNO; [1]

3
The disappearance of turbidity is
due to complex ion formation. The
authors assume only mononuclear com-
plexes form according to

ESTIMATED ERROR:
Solubility: nothing specified, but
probably within + 2-3%.

AgSCN(s) + (n-1)SCN~ < Ag(SCN)x];—n [2]

Temperature: #0.10C.
REFERENCES :
1. Vouk, V.B.; Kratohvil, J.; TezZak,
B. Arhiv. Kem. 1953, 25, 219,

2. Kratohvil, J.; TeZak, B.; Vouk,
V.B. Arhiv. Kem. 1954, 26, 191.




153

COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(L ?i%gifggﬁéﬁcyanate, AgSCN; Kratohvil, J.; TeZak, B. Arhiv. Kem.
(2) Potassium nitrate; KNOg; 1954, 26, 243-56.
[7757-79-1]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The equilibrium constants for reaction [2] were calculated from

log K = log(CAg) - (n-1) log[scn~] [3]

equil
where [SCN_]equil = [KSCN]tot - CAg' Eq [3] was applied to those experi-

mental points in the concentration range where each complex predominates.
The overall stability constants were calculated from

8n = Ksn/Kso [4]
where the solubility product is taken as Kgp = 1 x 10—12 mol2 dm-6 (no
reference is given). The results of these calculations are given below.

-3 -10
[KSCN]tot/mol dam complex Kon 10 Bn
0.08 - 0.15 ag (scm) 2™ 0.020 2.0
0.15 - 1 Ag(sCN) 3~ 0.068 6.8

The value of Kgg used in the present work for 20°% is very close to the
259C value (see the critical evaluation). In a related paper (2) the data
obtained in the present paper was reviewed and B4 is given as 6.0 x 1010,
The value given in the above table is probably the correct one. The units
for the equilibrium constants are:
K__ = mol?™® an® (@2
sn

-n 3n

dm

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES:

SD.S—M
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) ?i%zifgggégcYanate' AgSCN; Leden, I.; Nilsson, R. Svensk. Kem.
(2) Sodium perchlorate; NaClOy4; Tidskr. 1954, 66, 126-35.
[7601-89-0]
(3) Sodium thiocyanate; NaSCN;
[540-72-7]
(4) Water; H,0; [7732-18-5)

VARIABLES :

Ionic strength at 25°%¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Experimental temp is reported as 25.

00%c. 1y is the ionic strength in

mol dm'3, and the units of Kso are mol“ dm~5.
Junction solution (concentration) u ‘=log Kso
NaClo, () 0.113 11.803 + 0.006%
NaClO4 (y) 0.0113} 11.911 + 0.0072
NH,NO, (1,4 mol dm™>) 0.0113
NH,NO, (1,2,4 mol dm™3) 0.00113 11.948 + 0.002%
------ 0.0 11.967 + 0.01P
NaClo, (4.00) 4,00 12.110 + 0.006°
a. Mean values.
b. Obtained by extrapolation of mean values to zero ionic strength.
c. This point was not used in the extrapclation.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The soly products, Kgg, were deter-
mined by measuring e.m.f. (mostly in
N2 atmospheres) of the cells:

Ag,AgSCN/AGC10, (M) //NaCl0, (v)// -

NaSCN(Mz)/AgSCN,Ag
and
NH,

AgClo, (M,) ‘ 0
Naclo, (4M)

NO3(XM)
o]

Ag,AgSCN NaCl10, (u-M,;)

NaSCN (M,)
' AgSCN,Ag
NaClO4(u-M2)

The e.m.f. of either cell is given by
E (2.3RT/F){log(MlM2) + 2log(y,) -
o
log Kso} + Ej

The liquid junction potential, Ej,
was evaluated from the Henderson
equation, and the above e.m.f. cor-
rected for the Eq is denoted as E
and is given by

I

SOURCE AND PURITY OF MATERIALS:

NaClo4 (G.F. Smith) and NaSCN (Kebo,
puriss) were used as received. AgCl0y
was prepared by pptn from AgNO3 and
NaOH followed by boiling in HCl04.
All salts were analysed and presum-
ably found to be reasonably pure.
AgSCN was pptd from hot solns and
washed. Ag,AgSCN electrodes were
prepd from Ag-plated Pt wires which
were anodized in acidified NaSCN
solns: reproducibility of these elecH

trodes was +0.2 mV. No other details
|_were given,—

ESTIMATED ERROR:

KO : + 2% (authors)
s0° - o values
KQ,: * 3-4% (compiler)

e.m.f.'s: > +0.2mv
REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) ?i%XiEQ§E;?CYanate' AgSCN; Leden, I.; Nilsson, R. Svensk. Kem.
(2) Sodium perchlorate; NaClO4; Tidskr. 1954, 66, 126-35.
[7601-89-0]
(3) Sodium thiocyanate; NaSCN;
[540-72-7]

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

COMMENTS AND/OR ADDITIONAL DATA:

Each value for Kgg in_the data table represents a mean of 4 to 13 values.
For p = 0.113 mol dm~3 there were 18 independent measurements, but 5 were
excluded from the mean because of irreproducible e.m.f. values which ap-
parently occurs for Agt and SCN™ concentrations less than 0.001 mol dm~>.
Similarly 6 measurements are reported for u = 0.00113 mol dm‘3, but only 4
are used to calc the mean Kgp. Extrapolation of the three mean Kgg values
to zero ionic strength gives Kg and the activity coefficients for each
experimental solution can be ca?culated from eq [1] below. The authors
estimate the error in K°0 by taking the difference intercepts obtained from
the experimental plot of logKgg against pl/2/(1 + ul/2), and the intercept
obtained by drawing a straight line from the point log Kgg = -11.948 to u =
0 and a slope given by the Debye-Hiickel limiting law. A more accurate
estimation of the error in KQ; from standard methods incorporates the sum
of the variances of each experimental point: the error thus calculated by
the compiler is 3-4%.

AUXILIARY INFORMATION

—

METHOD /APPARATUS /PROCEDURE ; SOURCE AND PURITY OF MATERIALS:
T = -
E (2.3RT/F){log(MlM2) log Kso}
where
o _ 2
Kso = Kgo'¥s [1]

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701~93-5]

(2) Sodium perchlorate; NaClO4;
[7601-89-0]

(3) Sodium thiocyanate; NaSCN;
[540-72-7]

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

ORIGINAL MEASUREMENTS:

Leden, I.; Nilsson, R. Svensk.
Chem. Tidskr. 1954, 66, 126-35.

VARIABLES:

Concentration of NaSCN at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
Experimental temp reported at 25,00°C.

mol dm~3, and Kgg is in mol? dm~6.
dm-3.

Ionic strength is constant at 4 mol

All concentrations are in units of

13

[NascNl .oy 1o3cAg [senlg, .. 100k
0.05 0.044 0.05 7.65
0.05 0.052 0.05 7.4
0.08 0.146 0.0796 7.63
0.08 — 0.0796 7.68
0.10 0.287 0.0993 7.64
0.20 1.52 0.196 7.36
0.30 4.45 0.290 7.65
0.40 10.55 0.371 7.54
0.50 18.36 0.453 7.53
0.5 18.10 0.453 7.57

The average K_j = (7.57 + 0.2) x 1073 mo1? am™®

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

NaSCN + NaClO4 solns satd with AgSCN
were placed in the cell

Hg,Hg,S0,/NaCl0, (4M) //NaCl0, (4M) // -
NaSCN (bM) , NaClO, (4-b)M/AgSCN,Ag

The e.m.f. of this cell is given by

(1]

E -82.2 mv at 25°C as deter-
mined by measurements on the cell

E = E° - 0.05916 log{[scNVk_}

¢}

SOURCE AND PURITY OF MATERIALS:

NaClo4 (G.F. Smith) and NaSCN (Kebo,
puriss) were used as received. AgClOy
was prepared by pptn from AgNO3 and
NaOH followed by boiling in HC1lO4.
All salts were analysed and presum-
ably found to be reasonably pure.
AgSCN was pptd from hot solns and
washed. The Ag,AgSCN electrodes were
prepd from Ag-plated Pt wires which
were anodized in acidified NaSCN solng
the reproducibility of these electrod-

es was +0.2mV. No other details were
Jgiven., —

Hg,HgZSO4/NaClO4(4M)//NaC104(4M)// -

AgClO4 (aM) , NaClO4 (4—a)M/AgSCN,Ag
where "a" varied between 0.002 - 0.1M

ESTIMATED ERROR:

Solubility: #5%, average (compiler)
Kgo: *3.6% (authors' stnd dev)
e.m.f. values: > 0.2 mV
Temperature: not specified.

The free SCN~ concentrations used to
calc Kgg from eq [1] were computed
from the Cpg values taking into ac-
count complex ion formation. Details
on this method of computation as well
as the experimental determination of
Cpg are probably the same as described
in”a later paper (1).

REFERENCES :

1. Leden, I.; Nilsson, R. 2.
Naturforsch. 1955, a10, 67.
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COMPONENTS :
(1) sodium dithiocyanoargentate;
NaAg (SCN)2; [62928-05-6]

(2) Sodium perchlorate; NaClO4;

ORIGINAL MEASUREMENTS:
Leden, I.; Nilsson, R. Svensk.

Tidskr. 1954, 66, 126-35.

Chem.

Concentration of NaSCN at 25°c

[7601-89-0]
(3) Sodium thiocyanate; NaSCN;
[540-72-7]
(4) water; H,0; [7732-18-5]
VARIABLES : PREP

Mar RE£ a&%:mon

EXPERIMENTAL VALUES: The experimental

temperature is reported as 25.00°C.

Caq is the. solubility defined in terms of the total silver present in the
sa%d solutions.* All concentrations are in units of mol dm~-3, and units of
Kgo are mol2 dm~6. The ionic strength of all solns is constant at 4 mol am=3,
[NascN] cig LSCN—]free %013KsO as o?gained from cel%Iﬁo.

0.50 0.0349 0.536 4.00

0.50 0.0346 0.536 4,05 4,08

0.60 0.0374 0.543 3.98 3.98 3.98

0.6 0.0384 0.543 4,22 4.19

0.80 0.0640 0.705 3.86 3.80 3.88

0.80 0.0637 0.705 4,33

1.00 0.0927 0.862 4.06 4.05

1.00 0.0942 0.862 4.20

1.20 0.131 1.01 4.01

1.20 0.127 1.91 4,51 4.40
Mean values: Kgo(I) = (4.13 + 0.20) x 10° 13

Kso(II) = (4.07 + 0.19) x 10713 fmean = (4.1 + 0.2) x 10733

—

Kgo (III) = (3.93 + 0.07) x 10-13
*Solid phase is NaAg (SCN) ,* 2H,0; {66418-41-5]
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Satd solns prep by rotating excess
NaAg (SCN) 2+2H20 in the solns denoted
by 2 below for several days. The

bed but are probably similar to the
method discussed in a later paper (2).
The soly product in 4M NaClOg4 is de-
fined by

Kyo(@) = [ag'l[sen™1? [1]

and was determined from e.m.f. data
for the cell

Hg,Hg,S0, NaClO4(4M)| NaClO4(4M)||—
X Y
NaSCN (bM)
NaAg(SCN)2-2H20,Ag

(2]

Referring to the data table and the
above cell, the cell marked III is
given by eq [2]. For cell II the salt
bridge Y is exchanged for one contain-
ing 4M NaSCN. In cell I the side tube
Sf‘the reference electrode vessel was

NaClO4(4—b)M
Z

analysis of these solns are not descriiNaOH followed by boiling in HClOg4;

SOURCE AND PURITY OF MATERIALS:

NaClO4 (G.F. Smith) and NaSCN (Kebo,
puriss) were used as received. AgClO4
was prepared by pptn from AgNO3 and

NaAg (SCN) 2-2H20 crystals were pptd

by adding 4M NaClOg to solns contain-
ing 0.5M AgClO4 and 3.5M NaSCN. The
crystals were filtered and dried be-
tween filter paper. All salts were
analysed and presumed to be of accept-
able purity. Ag was analysed by elec-
trodeposition, and total SCN- by

ESTIMATED ERROR:
Solubility: av dev

+1-4% (compiler)

Kgo: stnd dev *5% (compiler)

em.f.'s: > 3 0.2 mv

REFERENCES :

1. Occleshaw, V.J. J. Chem. Soc.
1932, 2404.

2. Leden, I.; Nilsson, R. 2.

Naturforsch. 1955, aio0, 67.
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COMPONENTS ; o ORIGINAL MEASUREMENTS: (continued)
(1) Sgg;?gcg;t?lofgggggfggggﬁte’ Leden, I.; Nilsson, R. Svensk. Chemn.
(2) Sodium pefchlorate; NaC104; Tidskr. 1954, 66, 126-35.
[7601-89-01
(3) Sodium thiocyanate; NaSCN;
[540-72-7]

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

COMMENTS AND/OR ADDITIONAL DATA:

The solid phase in equilibrium with solns where [SCN™] > 0.5M is NaAg (SCN)3
2H50: below this concentration NaAg (SCN)2-2H30 is not stable and the solid
phase is AgSCN. While the authors did analyse this solid, they could not
analyse for the water of crystallization: they assume the stoichiometry of
2 waters of crystallization based on the work of Occleshaw (1). The soly
product defined in eq [1] is valid only for a constant value of [Nat]=4.0
mol/dm3. The concentration of SCN™ required for use in eq [3] was calcula-
ted from the measured solubility of NaAg(SCN)2-2H20 and the distribution of
thiocyanatoargentate complexes in the saturated solutions (no details are

given, but presumably are identical to those discussed in a later paper
(2) ).

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :
placed directly into soln Z. K
calculated from (E given in mv

SOURCE AND PURITY OF MATERIALS:

the Volhard method. The preparations
of indicator and reference electrodes
E = ° - 59.16{élog[SCN_] - log Kso} were not discussed.

(3]

was
§0

where E° = -82.2 mV as determined
from the cell N

Hg,Hg,50, | NaClO4(4M)|

Naclo4(4M)l|-

ESTIMATED ERROR:
AgClO4(aM)
I AgSCN,Ag
NaClo, (4-a)M

REFERENCES :
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CO?{?NENT%: ORIGINAL MEASUREMENTS:
Silver thiocyanate; AgSCN; . as
[1701-93-5] Leden, I.; Nilsson, R. 2. Naturforsch
(2) Sodium perchlorate; NaClO4; 1955, a1o0, 67-76.
[7601-89-0]
(3) Sodium thiocyanate; NaSCN;
[540-72-7]
(4) Water; H,0; [7732~18-5]
VARIABLES : PREPARED BY:
o
Concentration of NaSCN at 25 C and
ionic strength. Mark Salomon

EXPERIMENTAL VALUES: Experimental temp is

25°C, The soly_of AgSCN is denoted by

CAg' All concentrations are given in units of mol/dm3.
106CAg after t days
set 1 set 2 6
[NascN] bt =4 t=7 !t=1.67 t=3.4 t=5.3 t=11 t=36 | 10 CAg(average)
0 ! 1.14]1.03 0.79 0.55 0.28 0.03 | 1.33 + 0.03**
2.26 x 10781 0.68 : 10.68 ¥ 0.1
5.65 x 10-6| 0.24i0.42 0.38 0.24 0.21* 0.08*: 0.32 ¥ 0.1
1.13 x 10-5/| 0.17}0.23 0.26 0.17 0.15* 0.08*, 0.21 * 0.05
2.26 x 10-5! 0.12!0,36 0.27 0.26 0.24 10.25 ¥ 0.1
5.65 x 10~53| 0.13,0.04* 0,11 ©0.10 0.08 0.15 1 0.11 * 0.03
1.13 x 104! 0.085 0. ,0.13 0.10 0.08 0.14 0.31*,0.10 ¥ 0.03
2.26 x 10-41 0,38* '0.13 0.09 0.10 0.15 0,06 ! 0.11 ¥ 0.03
5.65 x 10-4, 0.16 10.19 0.13 0,11 0.07* 0.08* 1 0.15 * 0.03
1.13 x 10-3! 0.21,0.38 0.14 0.15 0.15* 0.12*, 0.22 ¥ 0.1
2.26 x 10-3! 0.52! '0.52 ¥ 0.1
5.65 x 10-3, 1.35) 1 1.35 ¥ 0.1
2.26 x 10-2! 7.85 ' 1 7.9 * 0.1
5.65 x 10-2137.9 ! '37.9 ¥ 0.5
0.113 : 133 :
Il 1 1

* Point not included in calculation of

**Extrapolated value

TABLE 1, Solubility of AgSCN at Ionic Strength of 0.113 mol/dm3

the average Cpg

—

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Satd solns of AgSCN prepared isotherm;
ally at 259C by rotation from 1-36
days. Solns were adjusted to ionic
strengths of 0.113 or 4M with NaCl04.
Solns dilute in NaSCN (Tables 1, 2)
analysed for Ag radiochemically via
110apg as described earlier (1). Equil
is stated to be reached in 1 day. For
higher [NaSCN], Cag was determined by
electrodeposition of Ag (E), potentio-
metric titration (T), or by radio-
assay (R) (see Table 3). Details for
the first two methods are given else-

SOURCE AND PURITY OF MATERIALS:
Nothing specified, but probably as
in earlier papers (1,2).

where (2). The authors also evaluated
the stability constants for

agt + nson” 2 Ag(SCN)i_n
and

By [1]

,n

ESTIMATED ERROR:

Standard deviations in Table 1 are

authors' values; in Table 2 are

compiler's values. For data in Table

3 compiler calculiteg%stnd deviations
(o]

—varving from & 1

mag® + nscn” 2 Ag (scN)T ™™ B n [2]

Method of analysis of total SCN  or
free SCN concentrations, Cgen and
(scN-]freer not given, but probably
similar to method previously describ-
ed: i.e. Volhard method (2).

REFERENCES ;

1. Berne, E.; Leden, I. Z.
Naturforsch. 1953, ag, 719.

2, Leden, I1I.; Nilsson, R. Svensk.
Kem. Tidskr. 1954, 66, 126.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;

[1701-93-5] Leden, I.; Nilsson, R. z.
(2) ??2éﬁsgf5§hlorate; NaClO4; Naturforsch. 1955, al10, 67-76.
(3) Sodium thiocyanate; NaSCN;

[540-72-7]
(4) Water; H,0; [7732-18-5]
EXPERIMENTAL VALUES: (continued)
TABLE 2. Solubility of AgSCN at an ionic strength of 4 mol dm—3

106C after t days
Ag
set 1 set 2 . 6

[NascN] I t=4 t=5 |t=1.67 t=3.4 t=5.3  t=11 t=36 !10 CAg(average)
0 | 075 10.69 0.51 0.34 0.13 0.13 |0.95%%
5 x 10~6 | 0.09,0.43 0.26 0.20 0.05 0.20 | 2
l1x 1073 ! 0.06 0.08/0.29  0.23 0.12  0.04 0.16 ! 2
2 x10°5 |, 0.03 0.0210.03 0.04 0.08 0.07 0.29* {0.04 + 0.02
5x 10-5 | 0.05 0.04,0.02 0.01 0.02 0.01 0.45*% ! 0.03 + 0.02
1x 1074 0.05! 10.05
2 x 1074 , 0.04 0.0710.10 0.07 0.05 0.08 0.11 ,0.07 + 0.03
5x 1074 | 0.08 i '0.08
1 x 102 1 0.19 10.28 0.22 0.15 0.20 10.21 + 0.05

*

Point not included in calculation of the average Cag (compiler)
**Extrapolated value

TABLE 3, AgSCN solubility at higher [NaSCN] and ionic strength of 4 mol/dm3
method of rotation [SCN—]
analysis [NascN] Cag time, days n free
R 0.002 3.6 x 10~/ 4 2.03 0.002
R 0.005% 9.8 x 10-7 4 2.26 0.005
R 0.01 2.6 x 10-6 4 2.44 0.010
R 0.02 8.3 x 10—2 5 2.75 0.020
T 0.03 1.5 x 10~ 11
T 0.03 1.4 x 10-5 11 } 2.95 0.030
T 0.05 5.2 x 10-5 8
T 0.05 4.4 x 10-5 8 } 3.23 0.050
R 0.05 4.8 x 105 4
T 0.08 1.4 x 10-4 6 3.43 0.080
T 0.1 2.8 x 10-4 6 3.50 0.099
R 0.1 2.5 x 10-4 5 3.5 0.099
T 0.2 1.52 x 10-3 6 3.69 0.196
E 0.227 2.02 x 10-3 13 3.70 0.222
E 0.300 4.45 x 10-3 6 3.73 0.290
E 0.316 5.18 x 10-3 13 3.73 0.301
E 0.364 7.56 x 10-3 13 3.70 0.344
E 0.400 1.06 x 10-2 6 3.68 0.371
E 0.409 1.05 x 10-2 13 3.68 0.379
E 0.455 1.39 x 10-3 13 3.62 0.417
E 0.500 1.84 x 10— 13
E 0.500 1.81 x 10-2 7 3.55 0.453
E 0.550 2.35 x 10— 0.5
E 0.550 2.30 x 10-2 2.5 3.43 0.480
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN;

[1701-93-5] Leden, I.; Nilsson, R. Z.
(2) ?ggégfagfgﬁhlorate, NaC104, Naturforsch. 1955, al1o0, 67-76.
(3) Sodium thiocyanate; NaSCN;

[540-72-7]
(4) wWater; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The difficulty in the determination_of Capg in the absence of NaSCN is
Probably due to the adsorption of lloAg on the walls of the vessel. The
final Cag values were obtained by extrapolation to zero time from a plot of
log Cpg against time. For those cases where only one experimental point is
avallagle, the standard deviation was assumed to equal the difference
between the experimental value and the value calculated from the equation

4 2 - 98, ,K_.[scN"]
- - 2 -4 1,4%s0
C, = (K_./[scN"]) 8, _[scN~ 1™ +8, K% [scN”] { ' }[3]
Ag s0 %; l,n 2,6 s0 1= 951 4Kso[SCN_])‘
14

where B ,0 = 1. Using the soly products determined previously (2), the
Stablllty constants were evaluated graphically (the paper also reports
data obtained potentiometrically in unsaturated solns which yield B values
slightly different from those obtained from the soly method which are listed
in Table 4 below). The concentration of free SCN- was calculated from the
total concentration from

[scw ]free ® Cgen ~ nCAg [4]

where n is the average ligand number.

TABLE 4. Stability constants as a function of ionic strength, u, at 25°¢

-3 12 -4 -9 -10 -22

u/mol dm 10 sO 10 Bl,l 10 81,2 10 81’3 10 61'4 10 82,6
0 1.08%20.02 5.6%2 1.7+0.2 2.8+2 0.46+0.32
0.133 1.58+0.02 3.8%2 1.1+0.2 3.8+2 2.5 £2.2
4.00 0.7720.02 3.9+2 2.0+0.2 1.2+2 18 2 211
*Kso values from reference 2.
Units of K, are mol? dm™® and for the B's are moll ™M gp~3(1-m-n)
The standard deviations, o, in Cag calcd from eq [3] are 3 x 10 -8 mol/dm3

based on the data in Table 1, and #2 x 10-7 mol/dm3 based on the data in
Table 2: calcd Cag using the data in Table 3 gave an error of +6-7%
(compiler).




162

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Silver thiocyanate; AgSCN; L s
[1701-93-5] Leden, I.; Nilsson, R.

(2) Sodium perchlorate; NaClO,; Z. Naturforsch. 1955, a10, 67-76.
[7601-89-0]

(3) Sodium thiocyanate; NaSCN;
[540-72-7]

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

VARIABLES: PREPARED BY:

Concentration of NaSCN at 25°C Mark Salomon

EXPERIMENTAL VALUES: The experimental temp is 259C, and all solutions were main-
tained at a constant ionic strength, u, of 4 mol dm=3. The solubility was
reported as the total silver in soln, CAg In the table below, t is the
time of rotation in days, n is the average ligand number, Cgcy is the total
SCN~ concentration, and [SCN~Jgyee is the_free SCN- concentratlon All con-
centrations are given in units of mol dm~

solid _ _
*

t phase [NascN] cAg Csen n [scn ]free
6 Nl 0.400 0.0173 3.41 0.374
3 B 0.400 0.0120 - 3.41
4 A+B 0.500 0.0346 3.43
4 A+B 0.500 0.0349 3.43
2.5 A+B 0.500 0.0354 0.666 3.43 0.539
2.5 A+B 0.550 0.0366 0.685 3.43 0.558
3 A 0.600 0.0384 3.43  0.543
7 a 0.600 0.0374 3.43 0.543
3 A 0.800 0.0640 3.44 0.705
6 A 0.800 0.0637 3.44 0.705
3 A 1.00 0.0942 3.45 0.862
6 A 1.00 0.0927 3.45 0.862
3 A 1.20 0.131 3.45 1.01
6 A 1.20 0.127 3.45 1.0l
16 A 4.00 0.827 3.46 2.78

0; [66418-41-5] : B = AgSCN

* A = NahAg (SCN),-2H,

** Metastable equilibrium

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

Equilibrium was attained isothermally | Details are given in reference 1. and
at 259C by rotation. Satd solns were the reader can refer to the compila-
analysed for Ag by electrodeposition tion of this paper.

and for total SCN™ by Volhard titrn.
Details on analysis of solid phase
are not given. For [SCN™] <0.5M,
NaAg (SCN) 2-2H,0 is not stable and the
solid phase is AgSCN. The authors
analysed their data in terms of the
existence of mono- and polynuclear
complexes: i.e.

Agt + nscN” ¥ Ag(SCN)i n By o
1

and ESTIMATED ERR'OR: .
Reproducibility of the soly varies
from *1-2% (compiler). The standard
deviations in the equilibrium con-
The soly product of NaAg(SCN)j:2H20 %5?&32.(539 below) are the authors'’

mAg’ + nSCN” < ag, (sc)P7? mon

in 4M NaClOy4 is defined as REFERENCES :

K o(d) = [Ag+][SCN_]2 1. Leden, I.; Nilsson, R. Svensk.
Chem. Tidskr. 1954, 66, 126.

2. Berne, E.; Leden, I. z.
Naturforsch. 1953, ag, 719.

and the soly product of AgSCN is de-
fined in the usual manner as

K o = [ag*]lscnT]
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i;&PmENTS: ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN;
[1701~93-5] Leden, I.; Nilsson, R.
(2) ?sgégngfgihlorate; NaClO4; 2. Naturforsch. 1955, ai10, 67-76.
(3) sodium thiocyanate; NaSCN;
[540-72-7]
(4) water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:
At an ionic strength of 4 mol am™3 (Nac104), previous results (1) were:

- -13 - =13
Koo (7.7£0.2) x 10 F Kso(d) (4.1£0.2) x 10
These soly products were used to determine the overall stability and step-
wise formation constants by a graphical method (2). At 25°C and an ionic
strength of 4 mol dm'3, the results are:

_ 4 _ -8
Bl,l = (3.9+£3) x 10 Kl,O = (6%x3) x 10
B, . = (1.9:0.2) x 10° K, . = (1.520.1) x 107%
1,2 -9%0. 1,1 .5:0.
B, . = (L.2%2) x 10° K, . = (9+2) x 1073
1,3 -2t 1,2 *
11 _ -1
81'4 = (1.8%0.2) x 10 Kl,3 = (1.4+0.2) x 10
8 22 ) -2
2,6 = (1.9%1) x 10 K2,4 (1.1+0.2) x 10
The units of the above constants are:
K . = mol? dm~®
s0
K - moll-x-m dm-3(l-x)
m,x

- l-m-n -3 (l-m-n)
Bm,n mol dm

The relation between the B's and K's is

m

= m =
6 K l/KSO k /KSO

m,n m,n-~ m,X

The soly of NaAg (SCN) ,+2H,0 in SCN~ solutions was given by

2
_ -2 ~aX=3 .
cAg = [sceNT]) K o (d) /K {g} Kl,x[SCN 1 + Ky 3+ K2,4(Kso(d)/Kso)

2~k
(1-x) 2
where k = 9Kso(d)-6l 4’ The standard deviation in the calcd Cag values was
r

determined by the compiler as ¢ = *0.006 mol/dm3. The concentration of
free SCN™ is calcd from

[scN ]free = C - nC
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; . .
[1701-93-5] Vanderzee, C.E.; Smith, W.E. J. Am.
(2) Perchloric_acid; HClOy: Chem. Soc. 1956, 78, 721-5.
[7601-90-3]
(3) Potassium thiocyanate; KSCN;
{333-20-0]
(4) Water; H,O0; [7732-18-5]
VARIABLES : PREPARED BY:
Temperature: range 5 to 45°¢ Mark Salomon

EXPERIMENTAL VALUES: The authors reported
at 25°C. The compiler has taken the d

calculated the solubility product from 5 to 45°cC.

only one value for the solubility
ata as a function of temperature and

t/°C  ED(Ag,AgSCN) /v £ (ag,ag™) /v 1012K°0/mol kg2
5 0.09084 0.8188 0.0645

15 0.09034 0.8090 0.269

20 0.09001 0.8043 0.524

25 0.08951 0.7993 1.004

30 0.08892 0.7944 1.867

35 0.08828 0.7894 3.412

45 0.08687 0.7791 10.815

The least squares method was used to

log(KZo/molz kg™?) = -4915.96/ (T

The correlation coefficient for the 1
standard deviation, o, was computed f

fit the above data to the eqguation

/K) + 4.487 (o =£0.003)

east squares fit is 1.0000 and the
rom the differences between the calcd

Kgo values and the values in the above table. The authors also report
E;(Ag,AgSCN)/V(abs) = 0.08949 - 1 x 10'4(t - 25) - 1.61 x 107%(t - 25)2
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :
E.m.f. measurements were made on the
cell

Pt, Hz/HClO4(ml), KSCN(mz)/AgSCN,Ag

m values varied from 0.0007 to 0.02
mol kg-l. Standard H-type cells were
used with replicate electrodes in
each side. Presatd Hy or N2 was bub-
bled through each cell prior to the
measurements to eliminate dissolved
02. The std (half-cell) potential for
the Ag,AgSCN electrode was detd for
each temp by a least squares anal-
ysis using the extended Debye-Hiickel
equation for the mean molal activity
coefficients. The std soly products
were calcd by the compiler from the
equation

o .
In KsO =

The std molal potentials for the
Ag/Agt electrode were obtained from
ref 1 and converted to abs volts by
the compiler.

[Eg(Ag,AgSCN)—E;(Ag,Ag+ﬂF/RT

SOURCE AND PURITY OF MATERIALS;

Freshly distilled conductivity water
was used throughout. AR grade 70%
HC1l04 ([C1~] <0.001%) was used as
received. AR grade KSCN was recrystal-
lized from water and dried at 1500C:
analysis gave a purity of 99.97% and
the residual impurity is claimed to bdg
water. Individual cell solutions were
prepared with a claimed accuracy of
3-5 parts in 10,000. The Hp was de-
oxygenated, and thermal-electrolytic
Ag,AgSCN electrodes were used.

ESTIMATED ERROR:
KO +0.4%, average (compiler)

o0

e.m.f.'s: reproducibility 0.1 mv

Temperature: +0.01°C

REFERENCES ;

1. Owen, B.B. J. Am. Chem. Soc.
1938, 60, 2233.
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P————

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Ssilver thiocyanate; AgSCN; , ,
[1701-93-5] Golub, A.M. Zh. Obeschei. Khim.
(2) Potassium nitrate; KNOj3; 1956, 26, 1837-48.
[7757-79-1]
(3) Potassium thiocyanate; KSCN
[333-20-0]
(4) water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:
KSCN concentration at 20°C Mark Salomon
EXPERIMENTAL VALUES:
All concentrations in units of mol dm_3, and Kgq is in mol_2 de. The
lonic strength of all solutions is 1.8 mol dm"§ (KNO3).
[KscN] cAg K4
1.0 0.0759 0.160
0.7 0.0326 0.150
0.6 0.0213 0.138
.5 0.0131 0.134
0.00323 0.132
.2 0.00113 0.149

The solubility product was determined

(see below) to be

ME

K_, (AgSCN) = 4.1 x 10712 mo1? am™®
at an ionic strength of 1.8 mol dm_a.
AUXILIARY INFORMATION

THOD /APPARATUS /PROCEDURE :
Solutions were prepared isothermally
by placing excess solid in sealed
flasks of known [KSCN]. KNO3 was used
to maintain a_constant ionic strength
of 1.8 mol/dm3. The reaction mixtures
were equilibrated at 200C for two
days with frequent shaking. Solutions
were analysed gravimetrically by
bpting Ag3S with CSp. The ppt was
filtered, washed with water, alcohol,
ether, €S2, alcohol, and ether, and
dried at 900C.

SOURCE AND PURITY OF MATERIALS:

C.p. grade KSCN was recrystallized,
dried, and melted for 10-15 min.
AgNO3 and KNO3 were c.p. grade and
used as received. AgSCN prepared by
mixing solns of AgNO3 and KSCN. The
AgSCN was filtered, washed, and dried
in a desiccator over CaCljy. Treatmendy
of water was not specified.

ESTIMATED ERROR:

Solubility: not specified, but pre-
cision probably within +1-2%.

Kgp: 0= *8% (compiler)
Temperature: not specified.

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(L) %i%gifggﬁéﬁcya“ate' AgSCR; Golub, A.M. zh. Obeschei. Khim.

(2) Potassium nitrate; KNO,; 1956, 26, 1837-48.
[7757-79-1] —

(3) Potassium thiocyanate; KSCN;
[333-20-0]

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

COMMENTS AND/OR ADDITIONAL DATA:

In the concentration range studied, the only significant complex is claimed
to be Ag(SCN)Z~. This stoichiometry was determined from the soly measure-
ments by plotting Cpg against [KSCN]: the slope of this plot = 4 and

Kg4 for the reaction

AgSCN(s) + 3SCN~ < Ag(SCN)i_
was calcd from

- -3
Ky =[Ag(SCN)2 ]/{[KSCN] -3 [Ag(SCN)Z ]}

In this paper the author uses a potentiometric method to determine the
overall stability constant B4 in unsaturated solutions: i.e.

agt + 4son” 2 Ag(SCN)Z—

The soly product was then calculated from

- _ =12 2 -6
Kso = Ks4/84 = (4.1+0.3) x 10 mol® dm
where
_ -2 6%

K = 0.15%0.01 mol dm

s4
- *

B, =(3.6:0.3) x 100 mo1™? am'?

*Recalculated from the original data by the compiler.

AUXILIARY INFORMATION

" | METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; Klein, E. z. Elektrochem. 1956,
[1701-93-5] 60, 1003-7.
(2) water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:
Temperature: range 12 to 85°C Mark Salomon
EXPERIMENTAL VALUES:
[e] 2 -6
t/°C Kso/mol dm
12 8 x 10713
21 1.8 x 10712
25 1.6 x 10712
35 6.6 x 10 12
47 3.16 x 1071t
-10
57 1.15 x 10
63 1.27 x 10710
-10
69 2.82 x 10
-10
85 6.3 x 10

K = 725 x 10

s0

The author has fit his results to the following smoothing equation:
-4290/ (T/K)

By taking differences between the KSO values calcd from the smoothing
equation and the measured values, the compiler calculates a standard
deviation of *41% in the values obtained from the smoothing equation.

Pom———

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The soly products were determined by
a potentiomatic titration method.
No details were given.

SOURCE AND PURITY OF MATERIALS:
Nothing specified

COMMENTS AND/OR ADDITIONAL DATA:

Since the author states that he used
2 potentiometric titration method to
determine the soly products, it is
Clear that a third electrolyte must
be present. There is no way of
determining the ionic strength and
if the ionic strength was constant
during the titration.

From the smoothing equation, the

compiler calculates AH 0" 82 kJ
mol-1, s

.

ESTIMATED ERROR:

Nothing specified

REFERENCES:
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Concentration of Na2503 at 42°%

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Klein, E. z. Elektrochem. 1956,
[1701-93-5] 60, 1003-7.
(2) Sodium sulfite; NaZSO3;
[7757—83—7]
(3) Water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: The two experimental

results at 42°c are:

CAg

Ko (AgSCN)

and the temperature dependence of the
(see equation [3] below).

system studied by Klein).

725 x 10

[Na2803]/mol am™3 CAg/mol am™3
0.107 0.00463
1.40 0.0517
The reaction studied is
AgSCN(s) + zsog' b4 Ag(SO3)g_- + SCN~

The formation of Ag(SCN)E was not considered by the author, but is probably
negligible. The temperature dependence of the solubility is given by

- [Ag(so3)g-] _ [2 + 101553/«T/K)—3.58)]-1[805—}

[1]

total

This relation was derived from the temperature dependence of the solubility
product, Koo (determined in this paper)

-4290/(T/K) [2]

stability constant for Ag(SO3)3_

The value of Kgp (AgSCN) was not measured at 420C
but was calculated from eq [2] which was previously shown by the compiler
to have a standard deviation of *41% (see the compilation for the AgSCN/H

20

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Saturated solns were prepared isothery
mally by stirring a mixture of ex-
cess AgSCN with varying Na;SO3 con-
centrations. Purified N; was bubbled
into the solns to prevent the oxida-
tion of the sulfite. Equilibrium was
reached after 12-15 h of stirring
(no details are given). The total
sulfite was determined by iodometric
titration and the total silver (pre-
sent in the form Ag(S03)3~) was de-
termined by titrn with tﬁiourea.

SOURCE AND PURITY OF MATERIALS:
Nap5803 crystals were zone refined.
AgSCN was precipitated from agqueous
solution, presumably by mixing AgNO3
with an alkali metal thiocyanate.
No other details were given.

COMMENTS AND/OR ADDITIONAL DATA:

The stability constant B2 for the
reaction

2-

ESTIMATED ERROR:

Nothing is specified and may be
large. The av error in eq [1] is ex-
pected to be very large (at least
+40%) .

agt + 2s0

% ag(s04) 3" [3]

3

was found to vary with temp as

1185/((T/R) + 4.3]

82 = 10

REFERENCES:




169

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) ?ilver thi?cyanate; AgSCN; Gyunner, E.A.; Yakhkind, N.D.
1701-93-5 , -
(2) Potassium nitrate; KNO3; Zh. Neorg. Khim. 1968, 13, 245-52.
[7757-79~1]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:
Concentration of KSCN at 20°C Mark Salomon

EXPERIMENTAL VALUES:

KNO3 used to maintain a constant ionic strength of 2 mol dm-3 at 20°c.
-3 -3 -3 -3
[KSCcN]/mol dm CAg/mol dm [KScN]/mol dm CAg/mol dm
*
0.400 0.015 1.300 0.186
0.600 0.027 1.400 0.220
0.800 0.053 1.600 0.300
1.000 0.095 1.800 0.372
1.100 0.125 2.00 0.475
1.200 0.156
*Not used to average the Ks36 value.
The average formation constant, K536' for the reaction
- 3_
3AgSCN(s) + 3SCN < Ag5(SCN)g
was given as
K 36 = (4.5%0.2) x 1072 mo1™? am®
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

A refractometric method was used. A Not specified.
series of solutions with varying
[KsScN] and previously detd refractive
indices (n)) were saturated with
AgSCN at 20°C. Equilibrium having
been attained (no details given),
the new refractive index, n2,was
used to calculate the solubility, S,
of AgSCN using the equation:

S = K(n2 - nl)

where K is a constant. KNO3 was used

ESTIMATED ERROR:

Authors state accuracy in refractive
index measurement is *1 x 10~%, and
accuracy in soly is therefore *2-3 x

to maintain a constant ionic strength
of 2 mol dm~3,

Ks36 Was calculated from 1073 mol dm~3. The compiler assumes
3 that "accuracy" refers to an error
Ks36 = CAg/3(c - 4CAg) range.

where ¢ =[KSCN].

SDs—n
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)

(1) Silver thiocyanate; AgSCN; Gyunner, E.A.; Yakhkind, N.D.
[1701-93-5] . _

(2) Potassium nitrate; KNO3; Zh. Neorg. Khim. 1968, 13, 245-52.
[7757-79-1]

(3) Potassium thiocyanate; KSCN;
[333-20-0]

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

COMMENTS AND/OR ADDITIONAL DATA:

Using the data in the above tables, the authors calculated equilibrium
constants for the reactions

AgSCN(s) + (n-1)SCN™ 2 Ag(SCN)I];-n K

for n = 2, 3, and 4. These constants were calculated from

Kgn = Cag/ [c - (n-l)CAg]n—l

The authors claim that only Kg3g values are significant due to its
constancy. However the Kgn values for n = 3,4 also show some constancy,
particularly for 0.4 € KSCN £ 1.2 mol dm~3.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(L) %ilver thiﬁcyanate; AgSCN; Lal, S.C.; Prasad, B. Indian J.
1701-93-5
(2) Perchloric acid; HC10,; Chem. 1975, 13, 372-4.
[7601-90-3]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) water; H,0; [7732-18-5]
VARIABLES : PREPARED BY:
Temperature: range 15 - 55%¢ Mark Salomon

EXPERIMENTAL VALUES: The solubility product of AgSCN was determined from
standard electrode potentials, and were calculated from the equation

(o]

- o] o]
log K, = (EAg’AgSCN - EAg,Ag+)F/RTln10 [1]
o o * o) 12,0 2 -2
t/-C EAg,AgSCN/V EAg,Ag+/V 10 Kso/mol kg
15 0.09030 0.8090 0.269
20 0.08992 0.8043 0.523
25 0.08946 0.7993 1.003
30 0.08890 0.7944 1.865
35 0.08822 0.7894 3.406
45 0.08675 0.7791 10.78
55 0.08496 0.7691 31,08

The standard electrode potential of the Ag,AgSCN electrode (vs SHE) as
a function of temperature was given by

6 .2

EC §/V = 0.09091 - 1.75 x 107° £ - 1.65 x 107% ¢

'Ag,AgSC
The solubility product data was fit by least squares by the compiler to

log KZO = -4882/(T/K) + 4.376

The standard deviation of the above equation is 0.003 log units and the
Ccorrelation coefficient is 1.000.

*Authors state reproducibility within #0.1 mV and report E values to 0.0lmV.

AUXILIARY INFORMATION

——

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURLTY OF MATERIALS;
E.m.f. measurements were made on the |Doubly distilled water was used. A.R.
Cell grade KSCN was recrystallized, and
Pt,H A.R. grade HCl04 (60%) was used

! 2/KSCN(m1),HC104(m2)/AgSCN,Ag as received. Solutions were de-oxygen-

The e.m.f. of this cell is given by |ated by bubbling of Nj. Purified Hj
o 2 was presaturated at the required temp-
E =RT 1In {(m,-m,)y,“} [2]|erature. Thermal-electrolytic
Ag,AgSCN 172 e Ag,AgSCN electrod a
was evaluated by extrapolation to 989 electrodes were used.
2ero ionic strength using the follow-
ing relation for the mean molal acti-
vity coefficient:

1/2

E =

1/2

1 = -
ogy, AT /(1 + w7 + by (3] [EsTovaTED ERFOR:

Fourteen values of m; and my were usedE® extrapolation at 25°C checked by
for each temp and the total ionic compiler and reproducibility is within
Strength (m} + m2) varied from 0.001 [experimental error of :0.lmV: hence
to 0.060 mol/dm3. The cells were stnd dev in logKgg-is $0.001 and
Plgceg in an air thermostat (#0.05°C) |£0.4% in Kgq.

and the e.m.f. measured hourly for at - . o
least 3 h. Duplicate cells were used Temperature: +0.057C.

and agreement was within #0.1 mV. Cor-{REFERENCES:

rections for atmospheric pressure werg .

made. ERq,pgt+ values were obtained 1. 2:2:’ E.B.,lggénkégy,zgég. J. Am.
from Owen's work (1) and converted to + S0e- ===y ’ -
abs volts by the compiler.

S
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Silver thiocyanate; AgSCN; Makarewicz, Z. Roczniki Chem.
[1701-93-5] 1975 879-84

(2) Sodium perchlorate; NaClO4; 2272, 49, 9 .
[7601-89-0]

(3) Sodium thiocyanate; NaSCN;
[540-72-7]

(4) Ssodium thiosulfate; NapS,03;
{10575-83-6]

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

VARIABLES: PREPARED BY:

s,0

Concentrations of NaSCN and Na2 2

3

Mark Salomon

EXPERIMENTAL VALUES:

Temperature is 25°C; ionic strength is constant at

=3
CAg/mol dm

[NascN]/mol dm~

1.0 mol/dm® (Naclo,).

3 . -
[Na23203]/mol am™3

0.0228

0.04467
0.05464
0.08474
0.01873
0.04036
0.05133
0.08014
0.01538
0.03623
0.04988
0.07506
0.01574
0.03535
0.04685
0.07369

CO0OOO0ODO0OO0OO0CODDOOOOCO
e« ® 8 8 ¢ o & s s 8 a s s s e o
HEHAFENDNDNDNDWWWWR BB

0.04
0.08
0.10
0.15
0.04
0.08
0.10
0.15
0.04
0.08
0.10
0.15
0.04
0.08
0.10
0.15

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Solutions were prepared isothermally
at 259C by shaking with an excess of
solid AgSCN. The method of establish-
ing equilibrium is not described. The
soly of AgSCN was determined gravi-
metrically by pptn of Ag2S with
thiourea: 10% NH4Cl soln was added

to coagulate the ppt. NaClo4 was
used to maintain the ionic_strength
of all solns at 1.0 mol/dm3,

SOURCE AND PURITY OF MATERIALS:

Solutions of AgNOj3, NH4SCN, Na2S303,
NH4Cl, NaSCN, and NaClO4 were pre-
pared from analytically pure
reagents. AgSCN was precipitated from
a soln of NH4SCN and AgNO3. No

other details were given.

ESTIMATED ERROR:

Nothing specified: however if the
soly is reproducible to #*1 unit in
the last significant figure, the

reproducibility in th ili i
hpgfer cibi %li in e solubility is

REFERENCES ;
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COMPONENTS :
(1) Ssilver thiocyanate; AgSCN;
[1701-93-5]
(2) Sodium perchlorate; NaClOg;
[7601-89~0]
(3) Sodium thiosulfate; NapS203;

[10579-83-6]

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

ORIGINAL MEASUREMENTS:
Makarewicz, 2. Roczniki Chem.

1975, 49, 879-84.

VARIABLES :

Concentration of Na.S.,0, at 25°C

3

L_* 272

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

Concentrations in units of mol dm—3fB

The ionic strength is constant at 1.0 mol dm-3 (NaClO4).

1in mol-z dm6, and K. is unitless.

Pr——

2_

Cag [Na,8,03] ot (5,03 Jequiz  ¥r 10128lll
0.02123 0.04 0.01877 1.13 1.03
0.04318 0.08 0.03682 1.17 1.07
0.05530 0.10 0.04470 1.24 1.12
0.08412 0.15 0.06588 1.28 1.16
0.1140 0.20 0.08600 1.33 1.20
0.1466 0.25 0.1034 1.42 1.29
0.1743 0.30 0.1257 1.39 1.26

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Solutions were prepared isothermally
by shaking with an excess of solid
AgSCN. The ascertainment of equili-
brium was not described. The solu-
bility of AgSCN was determined
gravimetrically by precipitation of
AgpS with thiourea: 10% NH4Cl solu-
tion was added to coagulate the ppt.
NaClo4 was used to maintain a con-
stant ionic strength of 1.0 mol dm~3,
No analysis of the solid phase was
reported.

SOURCE AND PURITY OF MATERIALS:

Solutions of NaNO3j, NH4SCN, NazS03,
NH4Cl, and NaClO4 were prepared from
analytically pure reagents. AgSCN
was precipitated from a solution of
NH4SCN and AgNO3. No other details
were given.

ESTIMATED ERROR:
Nothing specified: however if the sol#

is reproducible to 1 unit in the
last significant figure, the repro-
g%gibility in the soly is better than

REFERENCES:

1. Lur'e, Yu. Yu.
Analoticheskoi Khimii.
page 95.

2, Fridman, A.D.; Sarbeov, D.S.
Neorg. Khim. 1960, 5, 791.

Spravo Chnik Po.
Moskva.

Zh.
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COMPONENTS : ORIGINAL MEASUREMENTS: {continued)
(1) Silver thiocyanate; AgSCN;

[1701-93-5] Makarewicz, Z. Roczniki Chem.
(2) Sodium perchlorate; NaClO,; _

[7601-89-0] 4 1975, 49, 879-84.

(3) Sodium thiosulfate; Na25203;
[10579-83-6]
(4) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The author states that the complex formed is the mixed species AgSCNoszog_.
The existence of this species is based on the "near constancy" of K.
The equilibrium constant K, is defined by

i 2- 2- N
K, = [Ag(scN) (5,04) “71/[5,057] = 5/([Nay5;03) o = 9

equil

where S = solubility = Cpg® The overall stability constant B111 for the
reaction g

AgT + soN” + .02

2_
203 ra Ag (SCN) (S,04)

was calculated from
- 2=
B3y = (S/Kgq - B1)/[5,057]

The solubility product, Kgq(AgSCN), was taken as 1.1 x 10712 mo1? am™® (1)
and B; for the formation of Ag(S03)” was taken as 5.6 x 104 (2) mol-l dm3.
The "slight" increasing trend in K, was ascribed to the formation of higher
complexes such as Ag(5203)%“. The equilibrium constant for disproportion-
ation, KD'

equil

2- - 3- .
2Ag (SCN) (8,0,)“” ¥ Ag(SCN), + Ag(S,05)5" K, = 0.06

was calcd from

PK, = log B;;,; - 1/2 log Bz(Ag(SCN);) - 1/2 log BZ(Ag(5203)§-)

values of 82 were taken from ref (2):

log B,(Ag(SCN);) = 8,23

log 62(A9(5203)§') = 13.46




175

COMPONENTS :
(1) Silver thiocyanate; AgSCN;
{1701-93-5]

(2) Sodium perchlorate;

NaCl0,;
[7601-89-0]

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

ORIGINAL MEASUREMENTS:

Dash, U.N.; Mohanty, J.; Panda, K.N.
Thermochim. Acta 1976, 16, 55-61.

VARIABLES :

Concentration of NaClO4 and
temperature (range 15-35°C)

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[e) 6

Concentrations are given in units of mol dm™~.

3

6

2 o 2
t/°C 10 [NaClO4] 10 cAg t/ ¢ 10 [NaClO4] 10 cAg
15 0.250 0.757 25 1.750 3.486
15 0.500 1.035 25 2.250 4.666
15 1.000 1.265 25 0* 0.976
15 1.500 1.749 25 0¥ 0.976**
15 2.250 2.846 30 0.250 1.513
15 0* 0.661 30 0.750 2.080
15 o* 0.655%% 30 1.000 2.661
20 0.250 0.975 30 1.500 3.691
20 0.750 1.393 30 1.750 4,006
20 1.250 1.951 30 2.500 6.594
20 2.000 3.107 30 o* 1.247
20 2.500 4,814 30 I 1.260**
20 0* 0.769 35 0.500 2.249
20 0* 0.776%* 35 0.750 2.758
25 0.250 1.285 35 1.250 3.446
25 0.500 1.368 35 2.000 5.790
25 0.750 1.689 35 2.250 6.853
25 1.000 1.998 35 o* 1.563
25 1.500 3.102 35 o* 1.560%*

* AgSCN solubilities at zero ionic strength obtained by extrapolation.
** These values were recalculated by the compiler: see details next page.

—

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Saturated solutions analysed for Ag by
potentiometric titration using 1 x
10-6 mol dm~3 KCl soln. Other

details are said to be essentially
similar to that of previous studies
(1): it is therefore assumed that
solutions of NaClogq with excess AgSCN
were rotated in a thermostat maintain-
ed at the required temperature
(20.030C) for several weeks. Satura-
tion was verified for several samples
by duplicate analysis. Titrations

SOURCE AND PURITY OF MATERIALS:

AgSCN precipitated from soln of
AgNO3 and KSCN (B.D.H., Analar grade).
The ppt was washed repeatedly with
conductivity water and dried under
vacuum over CaClj; for several weeks.
Analysis by "standard" methods gave
a purity of 99.7%. NaClO4 was pre-
pared as described previously (2).

in the cited paper (1) quoted to be
accurate to within 20.2%. A micro-
buret was used for the titrations.

ESTIMATED ERROR:
Nothing specified, but error in soly

is probably 2 *0.2% as was quoted in
related work by the authors (1).

REFERENCES ;

1. bash, U.N.; Mohanty, J. Thermo-
chim. Acta 1975, 12, 18-9.

2, Nayak, B.; Dash, U.N. Thermochim.

Acta 1973, 6, 623. 3. Harned, H.S.;

Owen, B.B. Phys. Chem. of Electro-

lytic Solns. Reinhold. NY. 1967.

Vanderzee, C.E.; Smith, W.E. J.

Am. Chem. Soc. 1956, 78, 721.
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COMPONENTS: ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Dash, U.N.; Mohanty, J., Panda, K.N.

(2) Sodium perchlorate; NaClOg4; Thermochim. Acta 1976, 16, 55-61l1.

[7601-89-0]

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

COMMENTS AND/OR ADDITIONAL DATA:

The authors evaluated the solubility, sg, at zero ionic strength by an
extrapolation method using the equation

l/2/(1 + Baoul/z) = log Se + bu

log s - Au
where u is the ionic strength ([NaClo4] + [AgSCN]), s .is the measured soly
of AgSCN, A and B are the Debye-Hiickel constants whose values were obtained
from reference 3 as a function of temp, and a® is the ion size parameter
which was taken as 0.6mm as evaluated from the data of Vanderzee and Smith
(4). A plot of the left hand side of this equation against the ionic
strength gives log sp as the intercept. The intercepts obtained by the
authors (see table below) differ from their reported so values listed in the
data table above: the compiler therefore fit the experimental data to the
above equation by the least squares method, and the results are given below.
The soly product at zero ionic strength, K8, was calculated from s

s
b/mol"1 dn’ 1o 12
o % o 2, -€ o 2, =2
t/°C log s log S (eq [1]) 10 Kso/mol dm 10 Kso/mol kg
15 -6.1835 -6.184 25,58 0.429 0.430
20 -6.1183 -6.110 28.49 0.603 0.605
25 -6.0123 -6.011 28.14 0.952 0.958
30 -5.9049 -5.900 26.51 1.588 1.602
35 -5.8068 -5.801 25.57 2.434 2.463

*Author's values. All other data calculated by the compiler. If, as sug-
gested by the authors' reference to their previous work (1), the error

in the soly is about +0.2%, then log sy should be reported to three signi-
ficant figures. An error of %0.2% in sy leads to an_error of210.4% in KZj.
The data for Kgo/molz kg~—2 calculated from (Kgo/mol2 dm‘6)/do where dy is
the density of pure water at the various temperatures.

The compiler has used the least squares method to obtain the following:

6

1og(1<go/mol2 am~®) = -3419/(T/R) - 0.527 (0= 0.024)

2 2

log(Kgo/mol kg~ ‘) = -3439/(T/K) - 0.459 (o= 0.024)

where o is the standard deviation for the precision of the least squares
fit: the correlation coefficient for both relations is 0.997.
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COMPONENTS : EVALUATOR:
(1) silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.

(2) Acetone; C43HLO; [67-64-1]

(3) water; H,0; [7732-18-5] August 1978

CRITICAL EVALUATION:

The soly of AgSCN in H0/(CH3)2CO mixtures has been reported by Kratohvil
and Tezak (1), Woolley (2), and Szarvas, Korond&dn, and Szabd (3). A single
study in pure acetone has also been reported (4). Because of differing
exptl conditions such as temperature, solvent composition, and ionic
strength, comparisons are difficult to make, and tentative or recommended
values cannot be given. One can however make qualitative comparisons to
determine if any data are grossly inconsistent.

Kratohvil and Tezak studied the soly of AgSCN in two mixed solvents con-
taining 48.5% and 82% acetone by weight: their experiments, based on the
turbidimetric method, were carried out at 293 K in solns of varying ionic
strength. Woolley used a combined radioassay and e.m.f. method to calcu-
late K8y and stability constants as a function of solvent composition at
298 K. Both studies regort the existence of Ag(SCN)3, but Woolley's work
indicates that Ag(SCN)3¢ becomes insignificant in solvents containing more
than 34% acetone by weight. Szarvag et. al. used the potentiometric titrn
method to calc Kgg in 0.001 mol dm=3 at 298 K: however solvent compositions
are reported in terms of vol % which are not definéd, and hence cannot be
converted to a weight basis. In pure acetone, Golub (4) reports a value
for Kgy obtained from direct measurements of the soly, Cag- The complex
Ag(SCN)%' was not detected.

The only Kgp data available are from references (2) and (3) at 298 K.
Little significance can be given to the attempt (1) to calc Kgg at 293 K
from the empirical Ricci=-Davis equation (5) as discussed in the compilation
Bg visual observation of the data tables, it is apparent that Woolley's

Kgp values differ significantly from those of Szarvas et. al. The fact
that the latter Kgg values are much lower than Woolley's values may be due
to the neglect of complex ion formation, or that the silicone membrane

used in construction of the specific ion electrode is attacked by acetone.

Kg2 can be used to make qualitative comparisons since, to a large extent,

it is independent of concn: i.e. Kgz = K8, as seen from the relation

- . 0
Ko = KsOBZ_ Ke2 (1]

The evaluator found that Woolley's data can be fit by least squares to

log ng = 0.035(wt % acetone) - 3.92 (c =%0.08) [2]
The correlation coeff for this fit is 0.992, and ¢ was calcd from differ-
ences in the obsd and calcd log Kg,. Equation [2] was used to calculate

log K52 for several solvent compositions as well as for the pure solvents,
and the results are given in the table below. Although the temperatures
differ for several of the entries to the table, it is apparent that quali-
tative agreement exists for Kgj between the works referenced in 1, 2, and 4

Calculated and Experimental log Ksz Values

wt % source recommended
acetone eq. [2]* ref. (1) ref. (4) value*
0 ~-3.92 -3.80
48.5 -2.,22 -2.22
82 -1.04 -1.45
100 -0.41 -0.39

*Data for 298 K: remaining data are for 293 K. For recommended value, see
the critical evaluation for the binary agueous system.

S
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COMPONENTS : EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.

(2) Acetone; C4H.O; [67-64-1]

(3) Water; H.0; [7732-18-5] August 1978

2

CRITICAL EVALUATION: (continued)

REFERENCES:

1. Kratohvil, J.; TeZak, B. arhiv. Kem. 1954, 26, 243.

2. Woolley, E.M. PhD Dissertation. Brigham Young University. Provo, Utah.
1969.

. Szarvas, P.; Korondan, I.; Szab®, M. Magy. Kem. Folyoirat. 1974, 80,
207. )

3
4. Golub, A.M. zh. Obeschei. Khim. 1956, 26, 1837.
5. Ricei, J.E.; Davis, T.W. J. am. Chem. Soc. 1940, 62, 407.
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Concentration of KSCN and o
composition of solvent at 20°C

COMPONENTS : ORIGINAL MEASUREMENTS:V
(L) ?ilver thi?cyanate; AgSCN; Kratohvil, J.; Tezak, B. Arhiv. Kem.
1701-93-5
(2) Potassium nitrate; KNO3; 1954, 26, 243-56.
[7757-79-1]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Acetone; C3HEQ; [67-64-1]
(5) Water; Hp0; [7732-18-5]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[KSCN]tot is the total KSCN concn in
solution contains KNO3 in a concentra

the initial AgNO3 soln: therefore each
tion equal to that of AgSCN. The

composition of the HzO/CH3C(O)CH3 mixed solvent is given in weight percent

Turbidimetric method. Solns of AgNO3
and KSCN were mixed and at equili-
brium the turbidity measured (estab-
lishment of equil not described, but
measurements probably made within 1 h
as described earlier (1) ). The soly
of AgSCN was
tion of KSCN at which, for a given
[AgNO3], the turbidity disappears.
The precipitation reaction is

AgNO3 + KSCN AgSCN(s) + KNO3

-
-

The disappearance of turbidity is due
to complex ion formation,
assume only mononuclear complexes
form according to

calcd from the concentra
[1]
The authors|

AgSCN(s) + (n—l)SCN-:!Ag(SCN)i_n [2]

acetone,
[KSCN], . /mol dm 3
tot
Cpg/mol am™3 48.5% acetone 82% acetone
0.01 0.205 0.102
0.006 0.075
0.004 0.125 0.0525
0.002 0.031
0.001 0.058 0.019
0.0006 0.0115
0.0004 0.03125 0.0077
0.0002 0.00365
0.0001 0.0095 0.001675
0.00006 0.000875
0.00004 0.0040 0.000575
0.00002 0.001625 0.00023
0.00001 0.000725 0.0000875
AUXILIARY INFORMATION
 ETHoD: SOURCE AND PURITY OF MATERIALS:

All chemicals were analytically pure,
and presumably used as received.
Distilled water with a specific
conductance of 2 x 10~6 ohm~1 cm~
was used, Commercial acetone was
distilled twice from AgNOj.

ESTIMATED ERROR:

Solubility: nothing specified, but
reproducibility probably about
+2-3%.

Temperature: *0,1°C.

REFERENCES : v

1, vouk, V.B.; Kratohvil, J.; Tezak,
B. Arhiv. Kem. 1953, 25, 219.

2, Ricci, J.E.; Davis, T.W. J. Am,
Chem. Soc. 1940, 62, 407.
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COMPONENTS : .

(1) Silver thiocyanate; AgSCN; ORIGINAL MEASUREMENTS: (continued)

(2) gézg;sgimsgitrate; KNO3; Kratohvil, J.; Tezak, B. Arhiv. Kem.
[7757-79-1] 1954, 26, 243-56.

(3) Potassium thiocyanate; KSCN;
[333-20-0]

(4) Acetone; [67-64-1]

5) Water; H20; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The equilibrium constants for reaction [2] were calculated from

ln K, = log Cag = (n-1) log[scN ]equil 3]

where [SCN™Joquii = [KSCNJior ~ Cag. Eq. [3] was applied to those experi-
mental points in the concentration”range where each complex predominates.
The overall stability constants were calculated from

Bn = Ksn/Kso [4]
The solubility product was calculated from the Ricci-Davis equation (2)

- (484/a)(e;l -7l

lOg(Kso)s lOg(Kso) w

) [s]

w

where € is the dielectric constant, the subscripts s and w refer to the
mixed solvent and water, respectively, and "a" is an empirical constant
identified with an ionic radius. Taking (Kgg)y = 1 x 10712 mol? dm~6 and
a = 2.97 and 4.03 for €5 = 50.4 and 29.0 Debye, respectively (cf. reference
2), the following results were obtained:

weight % 14 -3 -13
acetone (e) 107 7Kg, [KSCN]mI/mol dm complex Kon 10 Bn
48.5 (50.4) 6.0 0.0008 - 0.01 Ag(SCN); 0.0060 0.010

0.05 = 0.2 Ag(scu)i' 0,018 0.30
82 (29.0) 0.22 0.0006 - 0,012 Ag(SCN); 0.035 1.6

Eq. [5] was derived for 25°C and the value of (Kgg)w used is the value

for 25°C (see the critical evaluation). Although the authors use e values
for 200C the derived Kgqg and Bp are, at best, qualitative (compilers
comment). The units of the equilibrium constants are:

2-n dm3(n—2)

Ksn = mol

= -2 3n
Bn = mol dm
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Concentration of KSCN and composition
of solvent at 25°C

CO(I‘if)()N}éNTf: thi & AGSCN ORIGINAL MEASUREMENTS:
ilver iocyanate; Ag : , ,
[1701-93-5] Woolley, E.M. PhD Dissertation,
(2) ﬁotassium perchlorate; KClO4; Brigham Young University. Provo,
7778-74-7) 1
(3) Potassium thiocyanate; KSCN; Utah. 1969.
[333-20-0]
(4) Acetone; C3HgO; [67-64-1]
(5) water; H,0; [7732-18~5]
VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

squares method (2) to

where [SCN™ Jfree is the (uncomplexed)
B,C,D are constants. These constants

given in weight percent acetone.

The total solubility of AgSCN, CAg/mol dm_3, was fit by a relative least

= O - 2 - -
cAg KSO/([SCN ]free Y, +B+C [scn ]free + D [scn ]free/Yt

with the solubility product K§g (AgSCN).
units of B, C, D see COMMENTS section.

2 [1]

concentration of SCN™ in soln, and
are given in the table below along

Units of KSy are mol? am=6; for
The composition of the solvent is

% (CH;) ,CO -log Kgo* -log B -log C -log D
9.64 10.83+0.74 6.69+0.04 3.56+0,03 1.88+0.02
19.80 11,26%0,39 6.55%0.05 3.18%0,04 1,4770.04
34.43 11.43%0.27 5.81%0.05 2.85%0.04 0.59+0.03
42.08 11,40%0.65 6.1670.17 2.,40+0.07 = e=-=--
54.15 11.68%0.09 5.96%0.09 1.98¥0.06 = w=---

this table are standard deviations.

*Average values based on equations [3] and [4] below.

The errors given in

Solns were prepared isothermally at
25,00 *#0.01°C by rotating mixtures of
KSCN with AgC1l04 containing Oag.
[Ag*] determined by e.m.f. measure-
ments using the cell

ind /AgSCN (satd), KSCN(xM)// ref [2]

where ind is an Orion model 94-16
sulfide ion electrode, // is a salt
bridge of 1M KNO3, and ref is a
calomel electrode. The activity of
Ag* was obtained from

(3]

log aAg+ = mE + b

s o +
Since Kgp = (aAg ) (agen~)

sey~ = ~mE = (b - log Kgo) [4]

The constants m and b were determined
from measurements on solns with known
apgt, [scN~] was determined from
mass balance considerations, yY: (the
mean molar activity coefficient) from
the extended Hiickel equation,* and

L

log a

AUXILIARY INFORMATION
——
METHOD: SOURCE AND PURITY OF MATERIALS:

All chemicals were reagent grade.
Double dist water of specifi¢c conduc-
tance < 1.5 x 1076 ohm™! em™* at

250C was used. Gas chromatographic
analysis of the acetone showed the
only impurity to be <0.2% water1
Electrodeposited Ag containing 110ag
was dissolved in HNO3 and fumed to

near dryness three times in 72%
HC1O4.

ESTIMATED ERROR:

Cag: 0 < 5% -3
E.m.f.: *1 mV for [SCN~J]<1073mol_dm
+0.3 mV for [ScN-] > 10~3mol dm~

Yi: 2%

REFERENCES :

1. Available as order No. 69-20,136
from University Microfilms, Ann
Arbor, Mich., U.S.A. 48106,

2, Anderson, K.P.; Snow, R.L.

J. Chem. Educ. 1967, 44, 756,
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COMPONENTS :
(1)

Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Potassium perchlorate; KClOy;
[7778-74—7?

(3) Potassium thiocyanate; KSCN;
[333-20-0]

(4) Acetone; C3HO; [67-64-1]

(5) Water; Hzo; [7732-18~5]

ORIGINAL MEASUREMENTS: (continued)

Woolley, E.M. PhD Dissertation.
Brigham Young University, Provo,

Utah. 1969.1

COMMENTS AND/OR ADDITIONAL DATA:

In the figures at the right, the
points are the experimental results
and the lines were calculated from
equation [1]. The overall stability
constants can be calculated from the
data in the above table using the

constants B, C, D and the relations
B/k2, = 8 mol™t am3
/K2y = 89 mol™2 dm®
D/Kg0 = Bg mol™3 dm?

In the least squares fit to eq [1]

[sCN~]gpee Was obtained from mass
balance con51deratlon§ for
[scN~] > 1074 mol dm™3 and from

eq [4] for [SCN-] < mol dm~3

O 9.64% Acet.
D 3& hj% Acet,

5 A 42,084 Acet,

&

2

S

AUXILIARY INFORMATION

METHOD
is obtained as (ap )(aSCN-).
K was also determlneg from the

1ntercept of eq [4]. For the deter-
mination of Cp
tures were cen%rifuged at 25 :20.49°cC
and aliquots of soln taken for
analysis.
dryness, C
thallium ac

detector.

was determined in a
%1vated NaI scintillation

*See the compilation for Woolley's
CH3OH/H20 study.

the equilibrium mix-

Evaporating the aliquots tg

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS :

(1) silver thiocyanate; AgSCN;
[1701-93-5]

Potassium perchlorate; KC1lO4;
[7778-74~7§

Potassium thiocyanate; KSCN;
[333-20-0]

(4) Acetone; C3HgO; [67-64-1]

5) Water; Ho0:; [7732-18-5]

(2)
(3)

ORIGINAL MEASUREMENTS:

Szarvas, P.; Korond&n, I.; Szabd, M.
Magy. Kem. Foly.1974, 8o, 207-11.

VARIABLES:

Solvent composition at 25%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at approximately 0.001 mol dm-3.

Volume % 13 5 -6
acetone -log Koo 10 Kso/mol dm
20 12,12 7.59
40 12.20 6.31
60 12,20 6.31
80 12,32 4.79
AUXILIARY INFORMATION

METHOD:

Potentiometric titrations were
Ccarried out using the cell

SCN

membrane/ XSCN (0.001M) //KNO3 (1M) / /-

KC1(0.001M) /AgCl,Aq
The indicator electrode is a RADELKIS

SCN~ specific ion electrode which
Utilizes a silicone rubber matrix.

SOURCE AND PURITY OF MATERIALS:
All reagents were of analytical
purity, and were used as received.
The solvents were repeatedly
distilled.

ESTIMATED ERROR:
log Kgp: +0.05 log units (authors).
Temperature: +0.05°C

REFERENCES :
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Solvent composition at 25°%C

COMPONENTS : ] ORIGINAL MEASUREMENTS:
(1) ?i%gffggféﬁcyanate’ RgSCN; Szarvas, P.; Koronddn, I.; Szabb, M.
(2) Potassium perchlorate; KC1lOg4; Magy. Kem. Foly. 1974, 80, 207-11.
[7778-74-75
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Dimethylformamide; C3H;NO;
[68-12-2]
(5) Water; H,0; [7732-18-5]
VARIABLES: PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at

approximately 0.001 mol am™3.

volume % 14 5 -6
HCON(CH3)2 -log Ky, 10 Kso/mol dm
20 12.76 17.4
40 13.02 9.55
60 13.06 8.71
80 13.16 6.92

AUXILIARY INFORMATION

METHOD:
Potentiometric titrations were car-
ried out using the cell

SCN

membrane/KSCN(O.OOlM)//KNO3(lM)//—

KC1(0.001M)/AgCl,Aqg
The indicator electrode is a RADELKIS

SCN™ specific ion electrode which
utilizes a silicone rubber matrix.

SOURCE AND PURITY OF MATERIALS:

All reagents were of analytical
purity, and were used as received.
The solvents were repeatedly
distilled.

ESTIMATED ERROR:
log Kgp: #0.05 log units (authors).

Temperature: iO.OSOC.

REFERENCES;
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COMPONENTS : EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.
(2) Dimethyl sulfoxide; C,H.0S;
[67-68-5] 276

August 1978

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

CRITICAL EVALUATION:

The solubility of AgSCN in mixtures of water and dimethyl sulfoxide has
been studied at 298 K in two laboratories (1,2). Both studies employed a
Potentiometric titration method to calculate solubility products (1,2)

and stability constants (1). Courtot-Coupez and Madec (1) report both
Ko and B3 values as a function of mole fraction of dimethyl sulfoxide:
the ionic strength of all solutions was maintained at about 0.11 mol dm™2.
Szarvas, Korond&n, and Szabd (2) report only Kgg as a function of the
volume % of dimethyl sulfoxide: they employed constant ionic strength
solutions of about 0.001 mol dm~3,

Visual inspection of both sets of data shows significant disagreement in
the log Kgg values. Direct comparisons cannot be made since Szarvas et. al
report their solvent composition in the poorly defined units of volume $%.
If we assume their 80 vol % (CH3)2SO mixture was prepared by mixing 20
volumes of water with 80 volumes of (CH3)2S0, the evaluator calculates a
mole fraction of 0.503 for dimethyl sulfoxide at 298 K (density of (CH3),SO
at 298.15 K is 1.0958 kg m~3(3) ). The value of log Kgo for this solvent
composition is -11.34 which differs from the corresponding value of about
~8.5 which was interpolated from the data of Courtot-Coupez and Madec.

This difference is much too large to be attributed to differences in ionic
strength, or the neglect of complex ions by Szarvas et. al. The Kgg values
of Szarvas et. al. for most other water-organic solvent mixtures appear to
be too low as seen in the compilations and critical evaluations found
elsewhere in this volume. It would appear that these results are effected
by some systematic error which is difficult to trace. It has been suggest-
ed in another evaluation that it is possible that the silicone rubber
membrane used in the specific ion electrode is attacked by the organic
solvent.

REFERENCES:

1. cCourtot-Coupez, J.; Madec, C. Bull. Soc. Chim. Fr. 1971, 4621.

2. szarvas, P.; Korond&n, I.; Szab8, M. Magy. Kem. Folyoirat. 1974, 80,
207.

3. Covington, A.K.; Dickinson, T. Physical Chemistry of Organic Solvent
Systems. Plenum Press. London. 1973, Ch. 1.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; _ . Bull
[1701-93-5] Courtot-Coupez, J.; Madec, C. Bull.
(2) Tetraethylammonium perchlorate; Soc. Chim. Fr. 1971, 4621-5,

(CoHg) gNClog; [2567-83-1]

(3) Tetraethylammonium thiocyanate;
(CoHg) 4yNSCN; [4587-19-3

(4) Dimethyl sulfoxide; C2HgOS;

[67-68-51
(5) Water; H,0; [7732-18-5]
VARIABLES: PRETARED BY:
Composition of solvent at 25°¢ Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at about 0.1l mol dm—3. The composition of the
solvent is given in terms of the mole fraction, ¥, of dimethyl sulfoxide.
The solubility of AgSCN was described in terms of the soly product and the

overall stability constant for the formation of Ag(SCN)E.

(CH3)2SO/X -log Koo log 82
11.6
0.1 10.7
0.2 10.3
0.3 9.7
0.4 9.05
0.6 8 7.9
0.7 7.8 .9
. 7.6

6

6 and B, units are mol™2 dm®.

Kso units are mol? dm”

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
The equilibrium constants were calcd Doubly distilled water and pharma-
from potentiometric titrn data using ceutical grade (CH3) 2SO0 were mixed
the cell prior to use. Et4NSCN was prepared
by dissolving Et4NC1l and KSCN in hot
Ag/Et4NSCN(0.01M),Et4Nclo4(0.lM)//ref anhydr alcohol. The resulting KCl wa
removed by filtration and the
Et4NSCN recryst three times from al-
cohol and dried under vac at 80€cC.

AgCluys (BDH) was used as received,
Et4NClO4 (0. lM) //Et4NClO4 (0 .lM) , - and Et4NC104 was recrystallized.

where Et = C,H., and the reference
L, 275
electrode is

AgClO4(0.01M)/Ag

ESTIMATED ERROR:
Nothing is specified, but precision
of +0.1 log units is assumed by the
compiler.

0.1M AgClO, was titrated into the
thiocyanate soln and the equilibrium
constants calculated directly from
this data using the Nernst

equation and material balance

requirements. REFERENCES:
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po————

COMPONENTS :
(1) silver thiocyanate; AgSCN;

[1701~93-5]

Potassium perchlorate; KClO4;

[7778—74-7?

Potassium thiocyanate; KSCN;

[333-20-0]

Dimethyl sulfoxide; CoHgOS;

[67-68-5]

Water:; H20;

(2)
(3)
(4)

(5) {7732-18-5]

ORIGINAL MEASUREMENTS:
Szarvas, P.; Korondan, I.; Szabl, M.

Magy. Kem, Foly,., 1974, 80, 207-1l.

VARIABLES:
Solvent composition at 25°¢

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

volume %

The ionic strength is constant at approximately 0.001 mol dm~

3

h—

12 2 -6
(CH3)ZSO ~log Koo 10 Kso/mol dm
20 12.30 0.50
40 11.98 1.05
60 11.62 2.40
80 11.34 4,57
AUXILIARY INFORMATION

METHOD:

Potentiometric titrations were
carried out using the cell

SCN

membrane/KSCN (0.001M) //KNO4 (1M) //-

KC1(0.001M) /AgCl,Ag
The indicator electrode is a RADELKIS

SCN~ specific ion electrode which
utilizes a silicone rubber matrix,

SOURCE AND PURITY OF MATERIALS:

All reagents were of analytical
purity, and were used as received.
The solvents were repeatedly distil-
led.

ESTIMATED ERROR:
log Kgp: +0.05 log units (authors).

Temperature: 10.05°C.

REFERENCES:
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COMPONENTS : EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5] Command, Fort Monmouth, NJ, U.S.A.
(2) 1,4-Dioxane; C,HgO,; [123-91-1]
(3) Water; H,0; [7732-18-5] August 1978

2

CRITICAL EVALUATION:

The three studies available (1-3) are not directly comparable as seen in
the following descriptions. Kratohvil and Tezak (1) report Cag @s a
function of [KSCN] at 293 K in a single mixed solvent containing 57.5 %
p-dioxane by weight. Woolley reports K3;, B9, 89, and 88 values at 298.15
K for a series of mixed solvents, and the Cpg dependence”on [SCN~] is shown
in graphical form. From Woolley's plot of 10g Cpagq against log [SCN-], the
evaluator intergolated (visually) log Cpg values %or a constant [SCN-] =

1 x 1073mol dm—3: the resulting log Cpg values were plotted against the
weight % of p-dioxane. Interpolating go a solvent composition of 57.5 %
p-dioxane, it is found that Cpg = 3 x 10-5 mol dm~3. Kratohvil and TeZak
found that Cag = 4 x 10-5mol dm~3 at 293 K for the same solvent composition
and [SCN"] .

Szarvas et. al. (3) reported Kgg values as a function of volume % p-dioxane
and precisely how these compositions are defined is not known. In addition
to this uncertainty, the calculated values of Kgg appear to be much too
small. This may represent an error in this work which could be attributed
to the neglect of the formation of complex ions. The results of Kratohvil
and Tezak, and of Woolley, confirm the existence of complex species. An
additional source of error in this latter work (3) may be attributed to the
attack on the silicone rubber matrix in the specific ion electrode by the
p-dioxane.

REFERENCES:

1. Kratohvil, J.; Tezak, B. Croat. Chem. Acta 1957, 29, 63.

2. Woolley, E.M. PhD Dissertation. Brigham Young University. Provo, Utah.
1969.

3. Szarvas, P.; Korondan, I.; Szabb6, M. Magy. Kem. Folyoirat. 1974, 8o,
207.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Kratohvil, J.; Te%ak, B. Croat. Chem.
(2) 1E$§§§E§STla‘ltrate' KNO3; Acta 1957, 29, 63-6.
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) 1,4-Dioxane; C4HgO,; [123-91-1]
|_(5) Water; Ho0; [7732-18-5]

VARIABLES:

Concentration of KSCN at 20°C

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

[KSCN]iot is the total KSCN concn in the initial AgNO3 solution:
each solution contains KNO3 in a concentration equal to that of AgSCN.
composition of the solvent is 42,5% water and 57.5% p-dioxane by weight.

therefore
The

CAg/mol dm™3 [KSCN]tOt/mol am™3
0.01 0.185

0.004 0.1125

0.001 0.037

0.0004 0.015

0.0001 0.0031

0.00004 0.00105
0.00002 0.00045
0.00001 0,00022

—

AUXILIARY INFORMATION

METHOD:

A turbidimetric method was used as
described previously (1,2). KSCN was
added to solutions of known AgNO3
concentration, and the solubility of
AgSCN obtained as the concentration
of KSCN at which the turbidity
disappears. The precipitation
reaction is

AgNO; + KSCN ¥ Ag(SCN(s) + KNOj4

S®ERCE AND PURITY OF MATERTALS;
Chemicals of analytical purity were
used (presumably as received).
p-Dioxane was distilled at least
once from AgNO3. The compiler
assumes distilled water was used as
in previous works (1,2).

ESTIMATED ERROR:

Nothing specified, but reproduci-
bility probably +2-3% as in previous
works (1,2). -

REFERENCES :

1, Schulz, K.; Te%ak, B, Arhiv. Kem.
1951, 23, 200.

2, Vouk, V.B.; Kratohvil, J.;
Te¥ak, B, Arhiv. Kem. 1953, 25,
219,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thigcyanate; AgSCN; Woolley, E.M. PhD Dissertation.
[1701-93-5 X .
(2) Potassium perchlorate; KC10,; Brigham You?g University, Provo,
[7778-74-7 Utah. 1969.
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) 1,4-Dioxane; Cy4HgOy; [123-91-1]
(5) Water; Ho0; [7732-18-5]
VARIABLES :

Concentration of KSCN and composi-
tion of solvent at 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:
The total solubility of AgSCN, CAg/mo
squares method (2) to

C

o - 2
Ag Koo/ ([SCN"JerooYs™) + B + C [

where [SCN™ ]gree is the (uncomplexed)
C, D are constants. These constants

with the solubility product KZ;(AgSCN
units of B, C, D see COMMENTS section
given in weight percent p-dioxane.

1 dm~3, was fit by a relative least

2

SCN-]free +D [SCN’]free/Yt [1]

concentration of SCN™ in soln, and B,
are given in the table below along

). Units of K§, are mol? dm~6; for

. The composition of the solvent is

% dioxane -log Kgo* -log B -log C -log D
8.20 11.18+0.44 6.32+0.09 3.16+0.06 2.57+0.30
20.47 10.70+0.70 6.16+0.07 2.98+0.06 1.78+0.06
28.49 10.87+1.10 6.33%0.07 3.0340.06 0.52+0.05
40.75 11.55+0.35 6.11+0.14 2.21+0.09 ———
48.75 11.31%0.41 6.02%0.15 1.78%0.09 -—
60.73 11.27+41.00 5.85+0.25 1.40+0.11 —_——

*Averadge values based on equations [3
this table are standard deviations.

] and [4] below., The errors given in

AUXILIARY

INFORMATION

METHOD:
Solutions were prepared isothermally
at 25.00+0.01°C by rotating mixtures

of KSCN with AgClO4 containing 110ag,
[Agt] was determined by e.m.f.
measurements using the cell

ind /AgSCN (satd), KSCN(xM)/ref [2]

where ind is an Orion model 94-16
sulfide ion electrode, // is a salt
bridge of 1M KNO3, and ref is a
calomel electrode. The activity of
Agt was obtained from

log apgt = WE + b [3]
Since Kgo =(aAg+)(aSCN-)
o
log agoy~ = -ME - (b = log K. ) [4]

The constants m and b were determined
from measurements on solns with known

an +.

bagance considerations, Y+ (the mean
molar activity coefficient) from the
extended Hiickel equation,* and K, is

[scN~] was determined from mas

SOURCE AND PURITY OF MATERIALS:

All chemicals were reagent grade.
Double dist water of specifi¢ cond-
uctance 1.5 x 1078 ohm™! cm~1 at
259C was used. Gas chromatographic
analysis of the dioxane showed the
only impurity to be < 0.2% water,
Electrodeposited Ag containing 110ag
was dissolved in HNO3 and fumed to
near dryness three times in 72%
HC1O04.

ESTIMATED ERROR:

Cpg: O < *5% _ -3 _
E.%.f.: +1 mv for [SCN_ ]<10 “mol dm
+0.3 mV for [SCN~]>10"3mol dm™3

Y42 *2%

3

REFERENCES ;

1. Available as order No. 69-20,136
from University Microfilms, Ann
Arbor, Mich., U.S.A. 48106.

2, Anderson, K.,P.; Snow, R.L;

J. Chem. Educ. 1967, 44, 756.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS: (continued)
(1) silver thiocyanate; AgSCN; , ,
[1701-93-5] Woolley, E.M. PhD Dissertation.
(2) Potassium perchlorate; RC1l0Oy4; Brigham Young University. Provo,
[7778-74-7] Utah. 1969 1
(3) Potassium-thiocyanate; KSCN; ¢ ===
[333~20-0]
(4) 1,4-Dioxane; C4HgO2; [123-91-1]
(5) Water: Hp0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

In the figures at the right, the
points are the experimental results
and the lines were calculated from
equation [1].
constants can be calculated from the
data in the above table using the
constants B,C, D and the relations

o 3
KsO

B/ 8S mol™t dm

C/K(s)0 = Bg mol™? dm®

9

O . 0 -3
D/Kso 83 mol dm
In the least squares fit to eg [1]
[SCN~J¢ree Was obtained from mass
balance considerations for

[scn-] 10”4 mol dm~3 and from

eq [4]for [ScN=] < 104 mol am—3.

The overall stability g

L
.20% Diox.
.b,9% Diox.
7

o 8
0 28
A 48,75% Diox.

3

0,75% Diox,
0.73% Diox,

2 1

AUXILIARY INFORMATION

METHOD:

obtained as (apg+) (ageoy=~) . X8y was
also determined  from the intercept
of eq [4]. For the determination of
Cags the equilibrium mixtures were
centrifuged at 25,0+0.4°C and
aliquots of soln taken for analysis,
Evaporating the aliquots to dryness,
Cpq was determined in a thallium
ac%ivated NaIl scintillation detector.

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

*See compilation for Woolley's
CH3OH/H20 study.

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Szarvas, P.; Korondin, I.; Szabd, M.
(2] B Ty ferchtorates KC1047 Magy. Kem. Foly. 1974, 80, 207-11.
(3) Potassium thiocyanate; KSCN;
[333—20-0]
(4) 1,4-Dioxane; C4HgOp; [123-91-1]
5) Water; H20; [7732-18-5]
VARIABLES: PREPARED BY:

Solvent composition at 25°%¢

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at approximately 0.001 mol dm ~.

3

volgme 2 14 2 -6
p-dioxane -log K. 10 Kso/mol dm
20 12.30 50.1

40 12.69 20.4

60 13.24 5.75

80 14,09 0.81

AUXILIARY INFORMATION

METHOD:

Potentiometric titrations were car-
ried out using the cell

SCN

membrane’ KSCN (0. 001M) //KNO4 (1M) / /-

KC1(0.001M) /AgCl,Aq
the indicator electrode is a RADELKIS

SCN- specific ion electrode which
utilizes a silicone rubber matrix.

SOURCE AND PURITY OF MATERIALS:

All reagents were of analytical
purity, and were used as received.
The solvents were repeatedly dis-
tilled.

ESTIMATED ERROR:

log Kgg: $0.05 log units (authors).

Temperature: £0,05°C,

REFERENCES:;
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COMPONENTS : EVALUATOR:
(1) silver thiocyanate; AgSCN; Mark Salomon, U.S, Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.
(2) Ethanol; C,HLO; [64-17-5]

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

2 September 1978

CRITICAL EVALUATION: _

The solubility of AgSCN in excess SCN solns has been studied by direct
measurements over a wide range of Hy0/CoH50H compositions by Kratohvil and
TeZak at 293 K (1), and by Woolley at 298 K (2). Golub (3) reports a single
point for Cag in pure ethanol containing 0.5326 mol dm=-3 KSCN at 293 K.
Szarvas et. al. (4) used an e.m.f. method to evaluate Kgg values at 298 K in
a series of HzO/CszoH mixtures, and at a constant ionic strength of ~ 0.001
mol dm~3. Macfarlane and Hartley (5) are the only investigators to report

a4 value of KQgp in pure ethanol: this value was obtained for 298.2 K from
standard half-cell potentials.

Kratohvil and Tezak used a turbidimetric method to determine Cag at 293 K

in solutions containing 0.001 < KSCN < 0.9 mol dm-3. Solvent compositions
ranged from 30-90 wt % ethanol. These authors calcd Kg2 and Kg3 as averages
based on their data for Cag in solutions of varying ionic strength.
Woolley's KXgn values at 238 K are considerably smaller for equivalent sol-
vVent compositions: this tends to indicate some inconsistancy in one of the
Studies. Kratohvil and TeZak's results for R, (calcd from 8 = Kgo/Kgp) are
Subject to an error of unknown magnitude since the Kgg values were calcd
from an empirical relation (6) which was concluded by this evaluator to be
ih error (see the evaluations and compilations for the AgSCN/CH30H system).
The Cag data were reproducible to within #3%, and can be assumed to be ac-
Curate within this stated precision.

Woolley reports graphical Cag data as a function of the free [scn7} : the
data have also been fit to a power series by a least squares method, and
Ksn values for n= 0-3 were evaluated. It appears that Woolley's Kgg data
are much too large based on comparisons with the values in H20/C3H5OH mix-
tures obtained in (1) and (3), and the value of log XQg = -14.33 in pure
CoH50H (5).

The Kgg values of Szarvas et. al, appear to be decreasing in a satisfactory
manner as the ethanol content is increased, but the data are of little
utility since the compositions of the solvent mixtures were reported in
Vague units of volume %.

In spite of the large exptl error estimated by the compiler for the Kg value
Obtained by Macfarlane and Hartley, their value of 4.7 x 10~3 mo12 kg=< in
Pure ethanol at 298.2 K appears to be reasonable. The large exptl error is
understandable since pure ethanol has traditionally been a difficult solvent
to work with. In addition, the Ag,AgSCN electrode has a history of poor
reproducibility (e.g. see the critical evaluation and compilations for the
Aqueous systems).

REFERENCES :
1. Kratohvil, J.; TeZak, B. Arhiv. Kem. 1954, 26, 243,

2. Yoolley, E.M. PhD Dissertation. Brigham Young University. Provo, Utah,
969.

3. Golub, A.M. zh. Obeschei. Khim. 1956, 26, 1837.

4. szarvas, P.; Korond&n, I.; Szabb, M, Magy. Kem. Folyoirat. 1974, 8o, 207,
5. Macfarlane, A.; Hartley, H. phil. Mag. 1932, 13, 425,

6. Ricci, J.E,; Davis, T.W. J. Am. Chem. Soc. 1940, 62, 407,
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COMPONI%NTS : . ORIGINAL MEASUREMENTS :
(L) ?i%gffggféﬁcyanate’ AgSCN; Kratohvil, J.; TeZak, B. Arhiv. Kenm.
(2) Potassium nitrate; KNOj3; 1954, 26, 243-56.
[7757-79-1]
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Ethanol; CpHgO; [64-17-5]
(5) Water; H,0; [7732-18-5]

VARIABLES:

Concentration of KSCN and composition
of solvent at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[KSCN]tot is the total KSCN concn in the initial AgNO3 solutions: therefore

each solution contains KNO3 in a concentration equal to that of AgSCN,

composition of the Hy0/CH3CH,0H mixed
alcohol

The
solvents is given in weight percent

-3
[KSCN]tot/mol ém
CAg/mol am™3 30% ethanol 50% ethanol 70% ethanol 90% ethanol
0.06 0.84
0.04 0.68
0.02 0.49
0.01 0.43 0.35 0.285
0.006 0.285
0.004 0.29 0.28 0.19
0.002 0.165
0.001 0.145 0.11 00,0825 0.058
0.0006 0.082 0.04
0.0004 0,0925 0.0615 0.0455 0.029
0.0002 0.037 0.0165
0.0001 0.0425 0.022 0.01375 0.0091
0.00006 0.0135 0.005
0.00004 0.021 0.00875 0.0048 0.00345
0.00002 0.0115 0.00385 0.0021 0.00145
0.00001 0.00575 0.001375 0.0009 0.00062
AUXILIARY INFORMATION
METHOD: SOQURCE AND PURITY OF MATERIALS:

Tubidimetric method. Solns of AgNOj3
and KSCN were mixed and at equili-
brium the turbidity measured (estab-
lishment of equil not described, but
measurements probably made within 1 h
as described earlier (l)). The soly
of AgSCN was calcd from the concentra-
tion of KSCN at which, for a given
[agNO3], the turbidity disappears.

The precipitation reaction is

AgNO, + KSCN ¥ AgSCN(s) + KNO, [1]

The disappearance of turbidity is due
to complex ion formation. The
authors assume only mononuclear
complexes form according to

AgSCN (s) + (n—l)SCN-ing(SCN)t_n [2]

All chemicals were analytically pure,
and presumably used as received.
Distilled water with a specific
conductance of 2 x 1076 ohm~l was
used. Commercial ethanol was
distilled twice from AgNOj3.

ESTIMATED ERROR:

Solubility: nothing specified, but
probably within +2-3%,
Temperature: +0.I°C,

REFERENCES ;

1. Vouk, V.B.; Kratohvil, J.; Tezak,
B, Arhiv. Kem. 1953, 25, 219.

2. Riceci, J.E.; Davis, T.W. J. Am.
Chem. Soc. 1940, 62, 407.
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COMPONENTS :
(1) Silver thiocyanate; AgSCN; ORIGINAL MEASUREMENTS: (continued)
{1701-93-5]
(2) Potassium nitrate; KNO3; Kratohvil, J.; Te%ak, B. Arhiv. Kem.
{(7757-79-2]
(3) Potassium thiocyanate; KSCN; 1954, 26, 243-56.
[333-20-0]
(4) Ethanol; CyHgO; [64-17-5]
| (5) Water; Hp0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The equilibrium constants for reaction [2] were calculated from

log Koy = log Cpg — (n-1)[SCN7] [3]
where [SCN_]equil = [kscN]iop - Cag* Eq. [3] was applied to those experi-
mental points in the concentration” range where each complex predominates.

The overall stability constants were calculated from

equil

Bn = Ksn/Kso [4]

The solubility product was calculated from the Ricci-Davis equation (2)

-1
W

log(Kgg)g  log(K (484/2) (et - &) [s]

s0)w

where e is the dielectric constant, s and w refer to the mixed solvent and
water, respectively, and "a" is an empirical constant identified as an
ionic radius. Taking (Kgg)y = 1 x 10712 mol2 dm=6 and a = 2.7, 2.97, 3.41,
and 4.03 for eg = 62.6, 50.4, 39.1, and 29.0 respectively (cf. ref. 2), the
following results were obtained:

wt & ethanol (g) 1014KsO [KSCN]tot/mol am~3 complex Kon 10—11%
30 (62.6) 23 0.006 - 0,09 Ag(SCN),;  0.0040  0.17
0.1 - 0.4 Ag(SCN)g_ 0.060 2.6
50 (50.4) 6.0 0.004 - 0,04 Ag(scn); 0.0060 1.0
0.16 - 0.8 ag(scm) 2™ 0,090 15
70 (39.1) 1.3 0.002 - 0.05 Ag(SCN);  0.0080 6.1
0.08 - 0.3 Ag(scm)3™ o0.11 85
90  (29.0) 0.22 0.003 - 0.016 Ag(SCN);  0.014 64
12

Equation [5] was derived for 25°C and the value of (Kso)w = 1.0 x 10
is the K@y value for 25°C (see the critical evaluation). Although the
authors use € values corresponding to 20°C, the derived Kgg and Bp are,
at best, qualitative (compiler's comment). The units of the equilibrium
constants are

3(n~2)

= 2-n
Ksn mol dm

By © mol™® am3®
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Woolley, E.M. PhD Dissertation.
1701-93-5 . . .
(2) gotassium ;erchlorate; KC104; Brigham Young University. Provo,
[7778-74-7] Utah. 1969.1
(3) Potassium thiocyanate; KSCN;
[333-20~-0]
(4) Ethanol; C,HgO; [64-17-5]
(5) Water; HZO; [7732-18-5]
VARIABLES: PREPARED BY:
Concentration of KSCN and composition
of solvent at 25°C Mark Salomon

EXPERIMENTAL VALUES:

The total solubility of AgSCN, Ca /mol
squares method (2) to

Cag © sO/ ([scn™ ]freeY+ ) + B +Cl

where [SCN™ Jgyee is the (uncomplexed)
B, C, D are constants. These constant
with the soly product, K so- Units of

dm 3, was fit by a relative least

SN Igyee + D [SCNTIZ___/v,>2 [1]

concentration of SCN~ in soln, and
s are given_in the table below along
Kgo are mol< dm™ 6; for units of B, C,

and D, see below. The composition of the solvent is given in weight percent
ethanol.
% C2H50H -log KsO -log B -log C -log D
0.00 11.17+40.31 1.76+0.06 3.83+0.02 2.28+0.03
9.67 11.7440.41 6.46+0.06 3.64+0.05 2.20+0.04
19.86 11.18+0.41 6.48+0.12 3.40+0.05 2.01+0.04
34.47 11.45+0.37 6.53+0.06 3.14+40,07 1.58+0.12
42,15 11.23+0.58 6.54+0.13 2.9340.06 1.30+0.08
54,20 10.86+0.86 6.31+0.29 2.56+0.05 = —-———-

table are standard deviations.

¥Average values based on equations [3] and [4] below.

The errors in the

AUXILIARY

INFORMATION

METHOD:

Solns were prepared isothermally at
25,00+40.01°C by rotating mixtures of
KSCN with AgCl04 containing 110ag. Ag
concentrations were determined by
e.m.f. measurements using the cell

ind/AgSCN (satd) ,KSCN (xM) //ref

where ind is an Orion model 94-16
sulfide ion electrode, // is a salt
bridge of 1M KNO3, and ref is a cal-
omel electrode. The activity of Ag™
is given by

[}

from measurements on solns with known

extended Hickel equatlon,* and K§, is

obtained as (apq4t) (ag KQp was
also determineégfrom gﬁe 1nte§ceot

log aaqt = mE + b 73] [Cpq: 0 < % 5%
. KO = (a. +) (@e.=) e.m.f,: £1lmv for [ScCN™ ]<10~ mol/dm
or, since Rgo 8ng SCN /7 +0.3mV for [SCN~]>10-3mol/dm3
Ye: £ 2%
log aSCN— =-mE - (b- lOngo) [4] REFERENCES :

The constants m and b were determined

[scN~] was determined from mass Arbor, Mich., U.S.A. 48106.
ance considerations, Y, (the mean 2. Anderson, K.P,; Snow, R.L. J.
molar act1v1ty coefficient) from the Chem. Ed. 1967, 44, 756.

SOURCE AND PURITY OF MATERIALS:

All chemicals were reagent grade.
Double dist water of specific conduc-
Htivity < 1.5 x 1076 ohm™l cm~L at
25°C was used. Gas chromatographic
analysis of the alcohol showed the
only impurity to be <0.2% water,
Electrodeposited Ag containing OAg
was dissolved in HNO3 and fumed to
near dryness three times in 72%
HC104.

ESTIMATED ERROR:

1. Available as order No. 69-20,136
from University Microfilms, Ann
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Potassium perchlorate; KCl0y4;
[7778-74—7% ,

(3) Potassium thiocyanate; KSCN;
[333-20-0]

(4) Ethanol; C,HO; [64~17-5]
(5) Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS: (continued)

Woolley, E.M. PhD Dissertation.
Brigham Young University. Provo,
Utah. 1969,

COMMENTS AND/OR ADDITIONAL DATA:

In the figures at the right, the
Points are the experimental results
and the lines were calculated from
equation [1].

The stability constants can be
calculated from the data in the
above table using the constants
B, ¢, and D, from:

o _ ,0 -1 3
B/KSo = Bl mol dm
(o} - o -2 6
C/KSO 89 mol dm

D/KJ, = 83 mo1”? am®

In the least squares fit to Eqg.[1]
[SCN']free was obtained from mass
balance considerationg for

[scn-] > 1074 mol dm™3 and from
Eq, [4] for [scN~]< 1074 mol dm™3.

k O Water
0 19,.86% EtOH
5 A 42,15% EtOH
&
6lo
o
15
: -log [scu-]
g 3 & 3 2 i
1 o 9,674 EtOH
0 34, i7% ELOH
5 A 54,239 EtOH
o
6] J°
om
15
L -log [SCN’]
[ g 1) 3 p.) T

AUXILIARY INFORMATION

METHOD:

centrifuged at 25.0 +0.4°C, and
aliquots of soln taken for analysis.
Evaporating the aliquots to dryness,
Cag was determined in a thallium
ac%i

*See the compilation for the
CH30H/H20 system,

Of equation [4]. For the determination
of CAg' the equilibrium mixtures were

vated Nal scintillation detector.
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Potassium perchlorate; KClOy4;
[7778-74-7?

(3) Potassium thiocyanate; KSCN;
[333-20-0]

(4) Ethanol; C,HgO;  [64-17-5]

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

ORIGINAL MEASUREMENTS:
Szarvas, P.; Korondéan, I.; Szabd, M.

Magy. Kem. Folyoirat. 1974, 80,
207-11.

VARIABLES:

Solvent composition at 25°¢

PREPARED
Mark Salomon

4

EXPERIMENTAL VALUES:

The ionic strength is constant at o

0.

001 mol dm >.

volume % 13' 2 . -6
CH,CH,0H -log Ky 10 Kso/mol dm
0 12.08 8.3
20 12.20 6.3
40 12.41 3.9
60 12.88 1.3
80 13.62 0.24
AUXILIARY INFORMATION

METHOD:
Potentiometric titrations were car-
ried out using the cell

SCN

membrane/KSCN(°~°01M)//KNO3(lM)//-

KC1 (0.001M) /AgCl,Ag

The indicator electrode is a
RADELKIS SCN~ specific ion electrode
which utilizes a silicone rubber
matrix.

SOURCE AND PURITY OF MATERIALS:

All reagents were of analytical
purity, and were used without
further purification. The solvents
were repeatedly distilled.

ESTIMATED ERROR:
log K y: #0.05 log units (authors)

Temperature: +0,05°C

REFERENCES:
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P——

Concentration of KSCN at 20°C

pe——

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) ?ilver thi?cyanate; AgSCN; Kratohvil, J.; Te¥ak, B. Croat.
1701-93-5

(2) Potassium nitrate; KNOj; Chem. Acta 1957, 29, 63-6.
[7757-79-1]

(3) Potassium thiocyanate; KSCN;
(333-20-0]

(4) Glycerol; C3HgO3; [56-81-5]

(5) Water; H20; 7732-18-5]

VARIABLES : PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

€ach solution contains KNOj

-3
CAg/mol dm

[KSCN]tot is the total KSCN concn in the initial AgNO3 solution: therefore
in a concentration equal to that of AgSCN.
composition of the solvent is 43,0% H0 and 57.0% glycerol by weight.

The

-3
[KSCN]tOt/mol dm

0,01
0.001
0.0001
0.00004
0.00002
0.00001

0.425
0.155
0,0425
0.023
0.013
0,007

A turbidimetric method was used as
described previously (1,2). KSCN

was added to solutions of known AgNOj
Concentration, and the solubility of
AgSCN obtained as the concentration
of KSCN at which the turbidity
disappears., The precipitation
reaction is

¥ AgSCN(s) + KNOg

AgNO, + KSCN

3

—
AUXILIARY INFORMATION
P ——
METHOD: SOURCE AND PURITY OF MATERIALS:

Chemicals of analytical purity were
used (presumably as received).
Glycerol was distilled at least once
from AgNO3. The compiler assumes
distilled water was used as in
previous works (1,2).

ESTIMATED ERROR: ,
Nothing specified, but reproduci-

bility probably +2-3% as in previous
works (1,2).

REFERENCES :

1. Schulz, K.; Te¥ak, B. Arhiv. Kem.
1951, 25, 200. o

2, Vouk, V.B.; Kratohvil, J.; Tezak,

B. Arhiv. Kem. 19533, 25, 219.
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COMPONENTS : EVALUATOR:

1) Silver thiocyanate; AgSCN;

(1) [1701-93-5] ¥ E Mark Salomon, U.S. Army Electronics
(2) Methanol; CH,0; [67-56-1] Command, Fort Monmouth, NJ, U.S.A.

(3) Water; H,0; [7732-18-5]
August 1978

CRITICAL EVALUATION:

The two experimental studies available (1,2) are not readily comparable
since they involve different temperatures, different solvent compositions,
and different ionic media. Under these conditions, neither tentative or
recommended values can be given.

Kratohvil and TeZak (1) carefully measured the solubility of AgSCN in a

62% CH30H soln (by wt) at 293 K: the solubility was measured in excess KSCN
solutions with varying ionic strength. They used a turbidimetric method,
and their results are probably reproducible to within #3%. The solubility
data was used to calculate a value of Kg2 = 6 x 10-3 which appears accept-
able, but may be too high when compared to the value of 2 x 10~3 obtained
by extrapolation of Woolley's 298 K data. The values for By and B3 are not
considered reliable since they were calculated using a Kgg value which in
turn was calculated from the Ricci-Davis equation (3): as discussed in the
compilation, several significant errors were involved in the use of this
empirical equation.

Woolley calculated K8g and BY values at 298 K in solutions of varying meth-
anol content. Ionic concentrations were obtained from e.m.f. measurements,
and the solubility of AgSCN obtained by radiochemical analysis. The data

were fit by least squares to an equation yielding KQ; and standard formation
constants for the mononuclear complexes AgSCN, Ag(SCN)3, and Ag(SCN)%‘.

The stability constants calculated by Kratohvil and TeZak are averages
obtained from data points of varying ionic strength. The assumption that
the formation constants are independent of ionic strength is probably valid
for Kg2, but not for Kg3.

REFERENCES:

Kratohvil, J.; TeZak, B. Arhiv. Kem. 1954, 26, 243.

2. Woolley, E.M. PhD Dissertation. Brigham Young University. Provo, Utah.
1969.

3. Riceci, J.E.; Davis, T.W. J. Am. Chem. Soc. 1940, 62, 407.
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P ———

20°C in a mixed water-methanol solvent

Containing 62% CH30H by weight

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Silver thiocyanate; AgSCN;:

=) £1701—93-5] Kratohvil, J.; TeZak, B. Arhiv. Kem.
[gggif;nggltrate' KNO3 1954, 26, 243-56.

(3) Potassium thiocyanate; KSCN;
[333-20~0]

(4) Methanol; CH40; [67-56-1]

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

VARIABLES: Concentration of KSCN at FREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[KSCN]tot is the total KSCN concn in the initial AgNO; solution: therefore
®ach solution contains KNO3 in a concentration equal to that of AgSCN.

Turbidimetric method. Solns of AgNO
And KSCN were mixed and at equilibrium
the turbidity measured (establishment
Of equil not described, but measure-
fents probably made within 1 h as
described earlier (1) ). The soly of
AgSCN was calecd from the concentration
Of KSCN at which, for a given [AgNO3],
the turbidity disappears. The pre-
Cipitation reaction is

AgNO, + KSCN < AgSCN(s) + RNO4 [1]
Che disappearance of turbidity is due
to complex ion formation. The zuthors
Assume only mononuclear complexes

Oorm according to

PgSCN (s) + (n-1)SCN™ < Ag(SCN)i-n [2]

CAg/mol am™3 [KSCN]tot/mol am™3
0.01 0.36
0.001 0.115
0.0004 0.0625
0.0001 0.023
0.00004 0.0095
0.00002 0.0044
0.00001 0.00175
AUXILIARY INFORMATION
| METrioD: SOURCE AND PURITY OF MATERIALS:

All chemicals were analytically pure,
and presumably used as received.
Distilled water with a specific
conductance of 2 x 1076 ohm~1l cm~1
was used. Commercial methanol
(Merck, puriss) was distilled twice
from AgNOj,

ESTIMATED ERROR:
Solubility: nothing specified, but
probably within *2-3%,

Temperature: *0,1°C.

REFERENCES: v

1. Vouk, V.B.; Kratohvil, J.; Tezak,
B, Arhiv. Kem. 1953, 25, 219,

2., Ricci, J.E.; Davis, T.W. J. am.
Chem. Soc. 1940, 62, 407.

SDs—p
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COMPONENTS : ORIGINAL MEASUREMENTS (continued)
(1) Silver thiocyanate; AgSCN;

[1701-93-5] Kratohvil, J.; TeZak, B. aArhiv. Kenm.
(2) Potassium nitrate; KNO3; _

[7757-79-1] 1954, 26, 243-56.
(3) Potassium thiocyanate; KSCN;

[333-20-0]
(4) Methanol; CH4 0; [67-56~-1]
(5) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

The equilibrium constants for reaction [2] were calculated from

log K = log C (n-1)log[scN™] [3]

n Ag equil

where

= [KSCN]tot - CAg. Eq. [3] was applied to those

experimental points in the concentration range where each complex predomin-
ates. The overall stability constants were calculated from

[scN ]equil

By = Ken/Kgq [4]

n
The solubility product was calculated from the Ricci-Davis equation (2)

log(Rgq) o = log(K ), - (484/a) (6;1 - e;l) [5]

where g, and €g are the dielectric constants of water and the mixed solvent
(80.4D and 50.4D, respectively), and "a" is an_empirical constant identified
with an ionic radius. Taking (Kggly = 1 x 10712 mol2 dm~6 and "a" = 2,97,
the soly product in the mixed solvent, (Kgg)g, was found to equal 6.0 x 10~14
mol2 dm—6, With this estimated value and the values of Ky, calculated from
eq [3], values of Bj were estimated using eq [4]. The results are given in
the table below.

3 -12

[KSCN]tot/mol dm complex Koo 10 Bn
0.004 - 0.04 Ag(SCN); 0.0060 0.10
0.16 Ag(SCN)g‘ 0.090 1.5

Eq [5] was derived for 25°C and the value of (Kgg)y used was that for
250C (see the critical evaluation). Although the values for € are those
for 20°C, the derived Kgg and B's are, at best, qualitative (compilers
comment)., The units for the equilibrium constants are:

_ 2-n 3(n=-2)
Ksn = mol dm

B, = mol™® am3"
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; o .
M., P tat .
[1701-93-5] Woolley, E.M hD Dissertation
(2) Potassium ﬁerchlorate; KC1l0y4; Brigham Young University. Provo,
{7778-74-7 Utah. 1969.1
(3) Potassium_thiocyanate; KSCN; ¢ ="
[333-20-0
(4) Methanol; CH40; L[67-56-1]
(5) Water; H,0; {7732~18-5]
| VARIABLES: BREPARED BY:
Concentration of KSCN and composition
of solvent at 25°C Mark Salomon

EXPERIMENTAL VALUES: ~
The total solubility of AgSCN, CA /mol dm
squares method (2) to g

3, was fit by a relative least

o - 2 - -2 2
Cag = Koo/ ([seN™1p oo v3) + B + c [SoN"]g o + D [SCNTIZ . /Y: 1]

where [SCN-]free is the (uncomplexed) concentration of SCN~ in soln, and B,
C,D are constants. These constants are given in the table below along with
the solubility product K8g(AgSCN). Units of Kgo are mol? dm~%; for units of
B,C,D see COMMENTS Section. The composition of the solvent is given in
weight percent methanol.

% CH,OH -log K3p* -log B -log C -log D
0.00 11.17+0.31 6.76+0.06 3.83+0.02 2.28+0.03
9.47 11.73+0.20 6.78+0.07 3.70+0.05 2.18+0.03

19.84 11.57+0.39 6.59+0.05 3.64+0.04 1.95+0.04
34.48 11.50+0.30 6.53+0.07 3.19+0,06 2.27+0.05
42.10 11.13+0.46 6.11+0,08 3.07+0.07 1.77+0.07
54,20 11.34+0.45 6.47+0.09 2.81+0.06 2.23+0.05

in this table are standard deviations.

*Average values based on equations [3] and [4] below.

The errors quoted

AUXILIARY INFORMATION

METHOD:

Solns were prepared isothermally at
25.0040,01°C by rotating mixtures of
KSCN with AgClO4 containing 110aqg,

using the cell

ind/AgSCN(satd), KSCN(xM)//ref [2]
where ind is an Orion model 94-16 sul-
fide ion electrode, // is a salt

bridge of 1M KNO3, and ref is a
calomel electrode. The activity of

[Ag*] determined by e.m.f. measurementp

SOURCE AND PURITY OF MATERIALS:

All chemicals were reagent grade,
Double dist water of specific cond-
uctance < 1.5 x 10-6 ohm™! cm~1 at
250C was used. Gas chromatographic
analysis of the methanol showed the
only impurity to be < 0.2% water,
Electrodeposited Ag containing 110ag
was dissolved in HNO3 and fumed to
near dryness three times in 72%
HC1l04.

Agt is given by

ESTIMATED ERROR:

Cag: 0<%5% (author) 1
E.n.f.: *1 mV for [SCN™1<1073mol_dm~3
+0,3 mV for [ScN-] > 10-3mol dm~3
Yi:i2%.

a = +

log apq+ mE+ b [3]
or, since Kgo = aAgaSCN’

log agey~ = ~mE- (b - log Kgo) [4]

The constants m and b were determined
from measurements on solns with known
apgt. [SCN~] was determined from mass
bagance considerations, y; (the mean
molar activity coefficient) from the
extended Hiickel equation,* and K8q

REFERENCES;

1. Available as order No. 69-20,136
from University Microfilms, Ann
Arbor, Mich., U.S.,A. 48106,

2. Anderson, K,P.; Snow, R.L.

J. Chem, Educ. 1967, 424, 756.
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COMPONENTS ¢ ORIGINAL . 4

(1) Silver thiocyanate; AgSCN; MEASUREMENTS:  (continued)
[1701-93-5] Wooley, E.M. PhD Dissertation.
P i hl te; KC1lO0y4; .

(2) [3§?§§;ET7gerc orate; KC1O4; Brigham Young University. Provo,

(3) Potassium thiocyanate; KSCN; Utah. 1969.
[333-20-0]

(4) Methanol; CH40; [67~56-1]
(5) Water; H,0; [7732-18-5]

COMMENTS AND/OR ADDITIONAL DATA:

In the figure at the right, the
points are the experimental results 5
and the lines were calculated from
equation 1, The overall stability
constants can be calculated from the +
data in the above table using the

constants B, C, D and the relations [ 5?
s
o _ 50 - 3
B/Kso -Bl mol 1 dm ] g
h
O _ ,0 -2 6
C/KSO = 82 mol dm
o _ ,0 -3 9
D/Kso = 83 mol dm

O 42,10% MeOH

In the least squares fit to eq [1]
[SCN™]free was obtained from mass
balance considerations for 1
[scy~] >10~4 mol dm=3 and from
eq [4] for [scN-] <1074 mol dm~3, 6

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
is obtained as (apq*) (agey™). Kgg was
also determined from the intercept of
eq [4]. For the determination of Cpg.
the equilibrium mixtures were
centrifuged at 25.0+0.4°C and

aliquots of soln taken for analysis.
Evaporating the aliquots to dryness,
Cpg was determined in a thallium
acgivated NaI scintillation detector.

*The equation used was

1/2 1/2 ESTIMATED ERROR:

)
S = 2.913 x

/(1 + Sdu

log Yy = -Ru
- 3,172
) H

where R =354.5 (p/e
1/2,

10%(o/e)V/%; w =(1/20) Leyz;i 4 is the
REFERENCES :
ion diameter taken as 0,305 nm; p is
the density; and e is the dielectric
constant.




205

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) ﬁ;%XTEQE?éﬁcya“ate’ AgSCN; Kratohvil, J.; TeZak, B. Croat.
(2) Potassium nitrate; KNO3; Chem. Acta 1957, 29, 63-6.
[1757-79-1]
(3) Potassium thiocyanate; KSCN;
[{333-20-0]
(4) l-Propanol; CaHgO; [71-23-8]
(5) Water; H,0; 7[7732-18-5]
l___
VARIABLES: PREPARED BY:
Concentration of KSCN and solvent Mark Salomon
composition at 20°C

EXPERIMENTAL VALUES:

[KSCN]¢ot is the total KSCN conen in the initial AgNO3 solutions: therefore
each solution contains KNO3 in a concentration egual to that of AgSCN. The
composition of the H30/l-propanol mixed solvent is tabulated in terms of
weight percent alcohol.

-3
[KSCN]tot/mol dm

CAg/mol am~3 42.0% l-propanol 75.0% l-~propanol
0.01 0.35 0.265

0.004 0.24 0.150

0.001 0.115 0.0675
0.0004 0.0615* 0.0325
0.0001 0.0215 0.00875
0.00004 0.009 0.00315
0.00001 0.00145 0.00055

*The original paper gives a value of 0.615 for this point which
is obviously a typographical error.

AUXILIARY INFORMATION
-—

METHOD:

A turbidimetric method was used as
described previously (1,2). KSCN was
added to solutions of known AgNO3
concentration, and the solubility of
AgSCN obtained as the concentration
of KSCN at which the turbidity dis-
appears. The precipitation reaction
is

AgNO, + KSCN < AgSCN(s) + KNO
3 3

SOURCE AND PURITY OF MATERIALS:

Chemicals of analytical purity were
used (presumably as received).
1-Propanocl was distilled at least
once from AgNO3. The compiler
assumes distilled water was used as
in previous works (1,2).

ESTIMATED ERROR:

Nothing specified, but reproduci-
bility probably +2-3% as in previous
works (1,2).

REFERENCES :

1. Schulz, K.; TeZak, B. Arhiv. Kem.
1951, 23, 200.

2. Vouk, V.B.; Kratohvil, J.; Te%ak,
B. Arhiv. Kem. 1953, 25, 219,
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COMPONENTS : ORIGINAL MEASU :
(1) Silver thiocyanate; AgSCN; REMENTS
[1701-93-5] Kratohvil, J.; TeZak, B. Croat. Chen.
(2) Potassium nitrate; KNO3; _
[7757-79-1] Acta 1957, 29, 63-6,
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) 2-Propanol; C3HgO; [67-63-0]
(5) Water; Hp0; [7732-18-5]
VARIABLES :

Concentration of KSCN and solvent
composition at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

[KSCN]iot is the total KSCN concn in the initial AgNO3 solutions: therefore

each solution contains KNOj3

in a concentration equal to that of AgSCN.

The

composition of the water/2-propanol mixed solvents is tabulated in terms of

weight percent alcohol.

[KSCN] ,, /mol am™3

CAg/mol am™3 40,5% 2-propanol 71.0% 2-propanol
0.01 0.365 0.285
0.004 0.235 0.175
0.002 ——- 0.115
0.001 0.115 0.0725
0.0004 0.0625 0.035
0.0002 —_—— 0.019
0.0001 0.02125 0.0085
0.00004 0.0095 0.00285
0.00002 ———— 0.00105
0.00001 0.00155 0.0004

AUXILIARY INFORMATION

METHOD:

A turbidimetric method was used as
described previously (1,2). KSCN was
added to solutions of known AgNOj3
concentration, and the solubility of
AgSCN obtained as the concentration
of KSCN at which the turbidity
disappears. The precipitation
reaction is

AgNO, + KSCN 7 AgSCN(s) + KNO4

SOURCE AND PURITY OF MATERIALS:
Chemicals of analytical purity were

used (presumably as received).
2-Propanol was distilled at least
once from AgNO3. The compiler
assumes distilled water was used as
previous works (1,2).

ESTIMATED ERROR:

Nothing specified, but reproduci-
bility probably +2-3% as in previous
works (1,2).

REFERENCES :

1, Schulz, K.; TeZak, B. Arhiv, Kem.
1951, 23, 200.

2. Vouk, V.B.; Kratohvil, J.; Tezak,
B. Arhiv, Kem., 1953, 25, 219.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; s ,
[1701-93-5] Golub, A.M. Zh, Oleschci. Khim.
(2) Potassium thiocyanate; KSCN; 1956, 26, 1837~48,
[333-20-0]
(3) Acetone:; C3HgO; [67-64~-1]

VARIABLES:

Concentration of KSCN at 20°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Concentration units are mol am™3,

[KscN] cAg Kg,
0.2931 0.4147

.8 0.2420 0.4235
0.6 0.1658 0.3820
0.4 0.1141 0.3987
0.2 0.0577 0.4018

s2

AgSCN(s) + SCN~ <

K is the equilibrium constant for the reaction

Ag(SCN);

and the average value, calculated by the compiler, is

Excess AgSCN added to KSCN solns were
equilibrated isothermally in sealed
flasks with frequent shaking at 20°C.
Solns were analysed gravimetrically
for Ag by pptn of Ag;S with CSp. The
ppt was filtered, washed with water,
alcohol, ether, CS3, alcohol, and
ether, and dried at 90°C, The 0.8M
satd soln was evaporated in a desic-
cator over CaClz for 3 days: the
solid phase analysed as KSCN+«AgSCN.
3C3HgO. The equilibrium constant Kgjp
was calculated from
K., = [Ag(scN),/]{[KscN]-[Ag(SCN) 51}
Plots of log [AgSCN]gat against log
SCN-] were linear with unit slope
thereby indicating the only signifi-
cant soluble species to be Ag(SCN)3.

Ko, = 0.404+0.016
-
L_, AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

C.p. grade KSCN was recrystallized,
dried, and melted for 10-15 min.
Solns of c.p. grade AgNO3 and KSCN
were mixed to ppt AgSCN which was
filtered, washed, and dried in a
desiccator over CaClp. Acetone was
"distilled and dehydrated."

ESTIMATED ERROR:
Solubility: precision probably
#1-2% (compiler).
Kg2: 0 = $0,.02 (compiler).
Temperature: not specified

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) ?ilver thi?cyanate; AgSCN; Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
1701-93-5
(2) Potassium nitrate; KNO3; Parker, A.J. J. am. Chem. Soc. 1967,
[7757-79-1] 89, 3703-12.
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Acetonitrile; CH3N; [75-05-8]
VARIABLES : PREPARED BY:
One temperature: 25%% Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at 0.05 mol dm_3.
K = 1.0 x 10_10 mol2 dm_6
s0
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:
A potentiometric titrn method was Acetonitrile was purified by a
used which employed the cell conventional method (l). Analar
Ag/KSCN (0.05M) //AgNO3 (0.014M) /Ag grade AgNO3 and KSCN were used

las received.
where // is a salt bridge containing
a satd soln of tetraethylammonium
picrate. 0.05M AgNO3 was titrd into
the KSCN soln which was exposed to
the atmosphere. The cell was thermo-
stated at 25°C and magnetically stir-
red during the titrn.

. ESTIMATED ERROR:
COMMENTS AND/OR ADDITIONAL DATA: Nothing specified, but precision

The titrn curve was not sharply defin-—prObably < #10% (compiler).

ed, Precipitates appeared after 10-20%
of the theoretical amount of 0.05M

AgNO3 was added. A well-defined in- REFERENCES :
flection point was obtained at the end
point, but very small inflections were
observed around 10-25% of the titrn.
The curve were treated as though
Ag(SCN)E was not present,

1. Coetzee, J.F.; Cunningham, G.P.;
McGuire, D.K.; Padmanabhan, G.R.
Anal., Chem., 1962, 34, 1139,




209

(C4Hg) gNC104; [1923-70-2]

COMPONENTS ; ORIGINAL MEASUREMENTS:

(1) silver thiocyanate; AgSCN; . .
[1701-93-5] Caillet, A.; Demange-Guerin, G.;

(2) Tetrabutylammonium perchlorate; J. Electroanal. Chem. Interfacial

(3) Tetrabutylammonium thiocyanate; Electrochem. 1972, 40, 187-96.
(C4Hg) gNSCN; [3674-54-2

{4) 1,2-"Dimethoxyethane (diglyme) ;
CyH10,¢ [110-71-4]

VARIABLES: PREPARED BY:

One temperature: 25°¢ Mark Salomon

EXPERIMENTAL VALUES:

AgSCN(s) + (C4H9)4NC104

AgSCN(s) = Ag® + ScN™

agh + 2soN” ¥ ag(sem))

Ionic strength is constant at ~ 0.1 mol am™3.
terms of the following equilibria occuring in the presence of ion-pairing:

The data were reported in

= AgClO4 + (C4H9£NSCN

AgC10, + 2(C,H),NSCN + (C,H,),NAG(SCN), + (C,Hg),NC1O
4 4794 4794 2 47974 4

In the absence of ion-pairing, the approximate results are:

K = 1.6 x 10 ®mo1? am™®
s0

Bl = 1.0 x 1018 mo172 am®

K .= 7.9 x 1019 mo1? am™®
s0

B, = 1.3 x 101? mo17? am®

AUXILIARY INFORMATION

METHOD:

A potentiometric titrn method was
used. The titration cell is given by

Ag/BuNSCN (xM) ,Bu,NC10,(0.1M)//ref

where Bu = CyHg, and the reference
electrode is assumed by the compiler
to be identical to one described in a
previous paper (1l): i.e.

not given, but is assumed to = 0,005
mol/L which is the value employed for
the halides which are described in
this paper.
were calculated from the data cor-
responding to the various parts of
the titrn curve where the different
ionic species predominate,

ref = AgClO4(0.01M),Bu4NClO4(0.1M)/Ag

The concentration for x for BuyNSCN is

The equilibrium constants

SOURCE AND PURITY OF MATERIALS:

Nothing specified, but probably
similar to that described earlier
(1) . Commercial BuygNC1l04 and
anhydrous AgCl04 were used. The sol-
vent was refluxed in N, over Na for
4 h, and fractionated. Karl Fischer
titration gave [HZO] = 0.005 mol/dm3 |

ESTIMATED ERROR:
Nothing specified. A precision <
+10% is assumed by the compiler.

REFERENCES :
1. Caillet, A.; Demange-Guerin, G.
J. Electroanal. Chem. Interfacial
Electrochem. 1972, 40, 69.
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COMPONENTS : ORIGINAL MEASUREMENTS: ;

(1) Silver thiocyanate; AgSCN; (continued)
[1701-93-5] Caillet, A.; Demange-Guerin, G.

(2) Tetrabutylammonium perchlorate; ,
(C4Hg) gNC104; [1923-70-2] J. Electroanal. Chem. Interfacial

(3) Tetrabutylammonium thiocyanate; Electrochem. 1972, 40, 187-96.

(C4Hg) gNSCN; [3674-54-2]
(4) 1,2-"bDimethoxyethane (diglyme);
C4H10027 L110—71-4J

COMMENTS AND/OR ADDITIONAL DATA:

Since the dielectric constant of 1,2-dimethoxyethane is small (e = 7.2 D
at 25°C), ion-pairing effects are expected to be large. From the equili-
brium constants given above, the authors derive the following relationships:

1
PK.y = PKgy + pKG(AgClO4) + pKG(Bu4NSCN) - pKG(Bu4NC104)
1
logB, = logB, + PK,(AgCl0,) + 2pK,(Bu,NSCN) - pKG(Bu4NClO4) -
pKG(Bu4NAg(SCN)2)

where K, is the dissociation constant of the indicated ion-pair. The pK
values %or AgCl0, and BugNC1l04 (3.8 and 5.1, respectively) were obtained
from a previous study (1). pKg values for BuygNSCN and Buy4NAg(SCN), were
both assumed to equal 3,5 (note: a typographical error in the paper in-
correctly lists pKg = 4.5).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES ;
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C(OJI:‘I)POIQEN]’-I‘S : th AGSCN ORIGINAL MEASUREMENTS:
ilver iocyanate; Ag ; . . .
[1701-93-5] Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
(2) Potassium nitrate; KNOj; Parker, A.J. J. Am. Chem. Soc. 1967,
[7757-79-1] 89, 3703-12
(3) Potassium thiocyanate; KSCN; ’ )
[333-20-0]
(4) Dimethylacetamide; C,HgNO;
[127-19-5]
VARIABLES: PREPARED BY:
One temperature: 25°% Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at 0.01 mol dm—3.
of the following equilibrium constants:

The data are reported in terms

log Kso(AgSCN) = =10.5
log KSO(AgAg(SCN)Z) = =9.,5
log 62 = 11.4

These constants correspond to the following equilibria:

AgSCN(s) < agt + scn” Ko (AgSCN) /mo1? am®
-> + - 2 -6
2AgSCN (s) < Ag  + Ag(scn), Kso(AgAg(SCN)z)/mol dm
+ - > - -2 6
Ag' + 28CN <« Ag(SCN), Bz/mol dm
AUXILIARY INFORMATION

b—

METHOD:
The equilibrium constants were deter-

mined by potentiometric titration
using the cell

Ag/KSCN(0.01M) //AgNO4 (0.02M) /Ag

where // is a salt bridge containing
a satd soln of tetraethylammonium
pPicrate., 0.01M AgNO3 was titrated
into the KSCN soln which was exposed
to the atmosphere. The cell was
thermostated at 25°C and magnetically

stirred during the titration. The
titration curve showed two well de-
fined plateaus from which the equil
constants B, and Kgg(AgAg(SCN)3) were
calculated. The solubility product
for AgSCN was calculated from

log R, = 1/2 log[K,, (AgAg(SCN) ,) /8,]

SOURCE AND PURITY OF MATERIALS:
Dimethylacetamide was dried with
type 4A molecular sieves, and
fractionated twice under a reduced
pressure of dry Njp. Analar grade
AgNO3 and KSCN were used as received.

ESTIMATED ERROR: .
Nothing specified. A precision of
+0.1 log units is assumed by the
compiler.

REFERENCES;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; s
[1701-93-5] Alexander, R.; Ko, E.C.F.;
(2) Potassium nitrate; KNOj3; .
[7757—79—1] Mac, Y.C.; Parker, A.J. J. Am. Chenm.
(3) Potassium thiocyanate; KSCN; Soc. 1967, 89, 3703-12.
[333-20-0]
(4) Dimethylformamide; C3H.NO;
[68-12-2]
VARIABLES: PREPARED BY:
One temperature: 25°c Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant at 0,01 mol dm_3.

K 3.2 x 10712 mo12 am™®

s0 -

The titration curve showed two well defined plateaus corresponding to the
reactions

++

Ag® + 2sCN” Ag (SCN) B,
+ - 7 -1
Ag’ + Ag(SCN), < 2AgSCN(s) {Kso(AgAg(SCN)Z)}

The experimental values for these two equilibria are

8, = 7.9 x 101! mo17? an®

K o (AgAg(SCN),) = 1.0 x 107! mo1? am™®
AUXILIARY INFORMATION
METHOD: SOURCE AND PURITY OF MATERIALS:

A potentiometric titrn method was used|

which employed the cell Dimethyl formamide was dried with

type 4A molecular sieves and
fractionally distilled twice under

Ag/KSCN(O.OlM)//AgNO3(0.024M)/Ag a reduced pressure of dry Nj.

Analar grade AgNO, and KSCN were

where // is a salt bridge containing used as received

satd tetraethylammonium picrate.
0.01M AgNO3 was titrd into the KSCN
soln which was exposed to the atmos-
phere. The cell was thermostated at
259C and magnetically stirred during
the titrn. The equilibrium constants
B2 and K., (AgAg(SCN),) were calca

from the titrn curve data correspond- |ESTIMATED ERROR:
ing to the regions between the two
inflection points. The solubility
product was calcd from

Nothing specified. A precision <
+10% is assumed by the compiler.

K

- 1/2
<0 © [KSO(AgAg(SCN&)/BZ]

REFERENCES:
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COMPONENTS : EVALUATOR:

(1) silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5] Command, Fort Monmouth, NJ, U.S.A.

(2) Dimethyl sulfoxide; C2H6057

[67-68-5] August 1978

CRITICAL EVALUATION:

Parker and co-workers (l) used potentiometric titration data to evaluate
Kgo and B, in a constant ionic strength medium of 0,05 mol dm~3 at 298.15 K.
Le Démézet et., al. (2) used a similar experimental technique to determine
Ksos Bas B3, B23, and B34 under the following experimental conditions:

the ionic strength was constant at about 0.11 mol dm~3, and the temperature,
which was not specified in the paper, was probably around 293 to 295 K,
Parker's value of log Kgg = 7.1 at 298 K cannot be compared to the value of
log Kgg = 7.6 obtained by Le Démézet et. al. due to the uncertainty in

the temperature of this latter work.

Luehrs and Abate (3) determined the solubility of AgSCN in AgNO5 solutions
and find evidence for the presence of a single polynuclear species:
Ag,SCN+, The stability constant for this species, Bp3,was calculated from
the experimental solubility data and a value of log Kgqg = -7.3: the authors
did not evaluate this Kg4y value, nor did they give a numerical value or
quote a source. This vague was calculated by the compiler using the solubi-
lity data and the reported values for B3;. The experimental tempgrature
was about 297 K and a constant ionic strength medium of 1 mol dm™ 3 was
employed. In the absence of molar activity coefficient data for 1 mol dm~
solutions, the significance of this value for Kgg is not clear.

REFERENCES:

1. Alexander, R.; Ko, E.C.F.; Mac, Y.D.; Parker, A.,J. J. Am. Chem. Soc.
1967, 89, 3703.

2. Le Dé&mézet, M.; Madec, C.; L'Her, M. Bull. Soc. Chim. Fr. 1970, 365,

3. Luehrs, D.C.; Abate, K. J. Inorg. Nucl. Chem. 1968, 30, 549.
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COMPONENTS :
(1)

(2)

Silver thiocyanate; AgSCN;

[1701-93-5]

Potassium nitrate; KNO3;

[7757-79-1]

Potassium thiocyanate;

[333-20-0]

(4) Dimethyl sulfoxide; C,Hg0S;
[67-68-5]

(3) KSCN;

ORIGINAL MEASUREMENTS:

Alexander, R.; Ko, E.C.F.;
J. Am.

1967, 89, 3703-12.

Mac, Y.C.;

Parker, A.J. Chem, Soc.

VARIABLES :

One temperature: 25%%¢

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

of the following equilibrium constan
log KSO(A

log KsO(AgAg

Ionic strength is constant at 0.05 mol dm

logB2 =

3. The data are reported in terms
ts.
gSCN) = -7.1
(scN),) = -6.6
7.4

These constants correspond to the following equilibria:

AgScN(s) < agt + scn” Ko (AgSCN) /mo1? am™®
-+ + - 2 -6
2AgSCN (s) < Ag + Ag(SCN)2 KSO(AgAg(SCN)z)/mol dm
+ - - -2 6
Ag' + 2SCN « Ag(SCN)2 Bz/mol dm
AUXILIARY INFORMATION

METHOD:

Potentiometric titrations were car-
ried out using the cell

Ag/KSCN(O.OSM)//AgNO3(0.01M)/Ag

where // is a salt bridge consisting
of a satd soln of tetraethylammonium
picrate, 0,05M AgNO3 was titrated in-
to the KSCN soln which was exposed to
the atmosphere. The cell was thermo-
stated at 25°C and magnetically stir-
red during the titrn.

The titrn curve showed two well de-
fined plateaus from which the
constants By and Kgg(AgAg(SCN),) were
calcd. The soly product for AgSCN
was calcd from

SOURCE AND PURITY OF MATERIALS:

Dimethyl sulfoxide was dried with
type 4A molecular sieves and
fractionated twice under a reduced
pressure of dry N,. Analar grade
AgNO4 and KSCN were used as received.

ESTIMATED ERROR:

Nothing specified., A precision of
+0.1 log units is assumed by the
compiler.

longo(AgSCN) =1/2 1og{KSO(AgAg(SCN)2)
/82}

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN; s
[1701-93-5] Luehrs, D.C.; Abate, K. J. Inorg.
(2) silver nitrate; AgNO3 [7761-88-8]

(3)
(4)

Tetraethylammonium perchlorate;
(CoHg) 4NC10 [2567-83-1]
Dimethyl su ide; CpHgEOS;
[67-68~5]

f%ox

Nucl. Chem. 1968, 30, 549-53.

VARIABLES:

Concentration of AgNO3 at about 24°c

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES: -
Concentration units are mol dm
1.0 mol/dm3.

3

Total ionic strength is constant at

AgSCN(s) + Ag

[AgNO3] [agseN]_. .4 Kooy
0.460 0.039%4 0.094
0.238 0.0223 0.103
0.0977 0.0114 0.132
0.0677 0.00895 0.152
0.0463 0.00686 0.174
Kle is the equilibrium constant for the reaction

t 2 AgzsCN+

and was calculated by the compiler from

+ +
Kepp = [Ag,scN 1/ ([agNO4] - [Ag,SCN D
The overall stability constant for the reaction
2ag” + soNT ¥ ag,scnt
is given by the authors as
B.. = 2.51 x 10% mo1”? am®
21
AUXILIARY INFORMATION

METHOD:

A turbidimetric method was used. AgNOj
solns were titrated with dilute KSCN
solns until a faint turbidity was
observed. At least 0.00003M AgSCN was
required to give a satisfactory end-
point. (C,Hg)yNC1l0, was used to main-
tain the ionic strength of all solns
at 1.0M. The authors find that the
only complex present is AgpSCN* so
that the overall stability constant
was calcd from a least squares fit to

[scN~ 1= KSO{[Ag+]'l + [Ag+]821}

The source of KsO(AgSCN) is not given
However an estimated value can be ob-
tained using the relation

Kgo = Kg21/B2)

Using this relation the compiler
calculates

Kso(AgSCN) = (5.2+1.3) x 10

8 6

mol? dm”

SOURCE AND PURITY OF MATERIALS:

Anhyd commercial (CH3),SO was passed
through a column of activated alumina.
AgNO3 dried at 110°C, and N.F. grade
KSCN dried under vac at 80°C. KSCN
was found to melt at 175°C (uncor).
Tetraethylammonium perchlorate was
pptd from HCl04 and tetraethylam-
monium bromide: it was recrystallized
from water until free of Br~.

ESTIMATED ERROR:

Solubility: precision probably
+1% (compiler)

B21: *20% (authors);
Temperature: *1°C

+25% (compiler)

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Le Démézet, M.; Madec, C.; L'Her, M.

(2) Tetraethylammonium perchlorate;
(CoHg) 4NC104; [2567-83-1]

(3) Tetraethylammonium thiocyanate;
(CoHg) 4NSCN; [4587-19-3]

(4) Dimethyl sulfoxide; CHgOS;
L67-68-5]

Bull. Soc. Chim. Fr. 1970, 365-9.

VARIABLES:

One temperature: probably 22%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is constant
in (CH3)ZSO is governed by the

at v 0

AgSCN(s) < Ag' + son”
agt + 2scNT ¥ Ag(scN)
agt + 3scn” % Ag(scN) 3T
2ag* + 3seNT ¥ Ag,(SCN)G
3ag® + ascN” T Ag,(SCN)

.11 mol dm 3. The solubility of AgSCN

following equilibria:

- -8 12 4.6
Kig = 2.5 x 10 © mol”™ dm
B, = 2.5 x 10% mo172 am®
By = 4.0 x 107 mol™> am’
Byy = 7.9 x 101 mo1™* am'?
Byy = 3.2 x 1073 mo17® amt®

Nowhere 1n the paper do the authors state the experimental temperature.
Since they use the factor 0,058 in the Nernst equation, the compiler assumes
that this corresponds to room temperature (229C) as described in a previous

paper (1). The factor 2.3RT/F =

0.0586 at 22°C whereas the authors use thein
experimental value (1) of the Nernst slope.

The ionic strength is about

0.11M and the uncertainty is due to the uncertainty in the concentration
of the AgCl0, titrant (a 0.05M soln was used in ref. 1).

AUXILIARY

INFORMATION

METHOD:

The solubility product and stability
constants were determined from poten-
tiometric titrn data using the cell

Ag/Et4NSCN(0.OlM),Et4NClO4(0.lM)//'
LiC1(0.1M), AgCl(0.001M)/Ag

where Et = C2H5. The thiocyanate
solution was titrated with AgCl0y4
solution (probably 0.05M). The
various equilibrium constants were
determined from data corresponding
to those parts of the titrn curve
where each species predominates.

SOURCE AND PURITY OF MATERIALS:

Commercial Et4NC104, KSCN, Et4NCl,
and (CHj3) 2SO were used, but no details
on purification are given. Et4NSCN
was prepared by dissolving KSCN and
Et4NC1l in alcohol and separating the
soln from the insoluble KCl. It is
likely that all reagents were puri-
fied as described in reference 1.

ESTIMATED ERROR:

Nothing specified, but a precision
+10% for all equilibrium constants
is assumed by the compiler.

<

~=

REFERENCES ;
1. Courtot-Coupez, J.; L'Her, M.
Bull. Soc. Chim. Fr. 1969, 675.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) ?ilver thi?cyanate; AgSCN; Macfarlane, A.; Hartley, H. Phil. Mag.
1701-93-5

(2) Lithium thiocyanate; LiSCN; 1932, 13, 425-43.
[556~65-0]

(3) Ethanol; C,H.O; [64-17-5]

VARIABLES: PREPARED BY:

One temperature: 25°¢ Mark Salomon

EXPERIMENTAL VALUES:

E.m.f. measurements were carried out for the cell

Ag,AgC1l/LiCl // LiCl0,//AgClO,/Ag [1]
€1 €1 €2
The following results were obtained:
El/v
) (=cz)/mol kg—l Ej electrolytic granular I granular II
0.01 -0.0101 0.5622 —— 0.5638%
0.01 -0.0101 0.5626 0.5626 = —====-
0.005 -0.0065 0.5311 -— 0.5328*

*See COMMENTS section

Combining the e.m.f. data from cell [1] with that of cell [2] (E2 = 0.0157 V,
EJf = +0.0075 V), the authors were able to calculate the thermodynamic value
for the solubility product of AgSCN,

Ag,AgSCN / LiSCN // LiCl / AgCl,Ag [2]
0.01lm 0.01m

The authors reported

kS, (AgSCN) = 4.7 x 10715 mo1? kg™?
AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
Details on measuring apparatus are Ethanol was prepd by the method of
referred to a previous paper (1l). A McKelvy (3). Two types of Ag electr-
single measurement was reported on odes were used: one is a Pt grid onto
cell [3]: E3 = 0.1930 V which was said which Ag was deposited electrolytical
to ly, and a granular Ag electrode des-

cribed as granular I prepd by reduc-
Pt’HZ/H01(O'01m)/AgCI'Ag [3] tion of AgNO3 with ammonium formate,
agree with previous av value of 0.1940] and granular IT prepd by reduction of

V(2). Liquid junction potentials AgNO3 with ferrous sulfate. noO

were calcd from eg. [4] where A is description of the prep of Ag,AgCl

the equiv electrode is given, and presumably
Ej - (RT/F)ln(Al/Az) [4] this information is given in (2).

conductivity in ohm™! cm? mol~l., The [|ESTIMATED ERROR: -1s5 s 3

results at 259C are: in 0.01lm soln, Kgo: 0 = 1.3 x 10 mol” kg

A(nicl) = 27.6, A (LiscN) = 37.0, (compiler) o

A(LiCclO4) = 38.9, A(AgClOy) = 37.0; Temperature: *0.01°C

in 0.005m soln, A(LiCl) = 29.4,

A (LiCl04) = 38.3, A (AgClOy4 = 38.4. REFERENCES ;
All activities were calcd assuming yv4 | 1. Nonhebel, G.; Hartley, H. Phil.

is the same as that for 0.0lm HCl Mag. 1925, 1, 729,

(i.e. vy, = 0.518) as determined pre- | 2. Woolcock, J.W.; Hartley, H. Phil.

viously (2). The soly product was Mag. 1928, 5, 1133.

calcd from 3. McKelvy, Bull. Bur, Stnds. 1913,
9, 327.

o . (o} (e} b
In XJo = (Exg,agson~Fag,agt)/(RT/F) 5]

SDs-—q
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN;

[1701-93-5] Macfarlane, A.; Hartley, H. Phil.
(2) I[‘;ng‘érg_g‘]‘l°cyanate’ L1SCN; mag. 1932, 13, 424-43.

(3) Ethanol; CZHGO; [64-17-5]

COMMENTS AND/OR ADDITIONAL DATA:

The value of the standard half-cell potentials required for use in eqg [5]
probably contain a fairly large exptl error. The stnd potentials required
are those corresponding to the following cells:

Pt H, (1 atm)/H (a = 1), agt(a = 1)/aq [6]
and
Pt H, (1 atm) /H' (a = 1), scN"(a = 1)/AgSCN,Aq [7]

o o) o o
Eg and E; are denoted by EAg,Ag+ and EAg,AgSCN' respectively. The standard

potential for cell [1] was calcd by the authors from

o _

Ej = E; - (2RT/F) ln(myi) + Ej (8]
and

o - 20

Eng,ag” = By - 0.0759 [9]

where 0.0759 V 1s the value of Eg (2) . The authors claim that the e.m.f.'s
resulting from the use of granular II type electrodes (marked with an
asterisk in the above table) are to be preferred due to the absence of

surface strain: they report a value of Egg Ag+ = 0,749 V. Using the two El
1

values obtained with the granular II electrode, the compiler obtains, from
eqs [8] and [9] E9 + = 0.752 + 0.006 V.

Ag,Ag
For cell [2], the authors used
o)
E, = E, - (2RT/F) ln(my,) f10]
and
o = _ w0
EAg,AgSCN = 0.1940 E2 [11]

where 0.1940 V is the value found previously (2) for cell [3], and the value
of 0.1930 V found in the present work is ignored. The authors do not report

any value for E? , but instead report only K_.. From eqs [10] and
Ag,AgSCN ° s0

[11], the compiler calculates E = 0.996 V which, when used with

o Ag,AgSEN -15 2 . -2

EAg,Ag+ = 0.7522 V in eq [5], gives Koo = 4.0 x 10 mol” kg The uncer-

tainties due to the choice of Ej values for use in eq [8], the use of the Ej3
value from previous work which differed by +1mV from the present value,

and the uncertainties due to y: and Ej all indicate a fairly large exptl
error. Taking the standard deviation™of +6 mV computed by the compiler for
Egg,Ag+’ and assuming a similar error in E? the compiler computes a

A 1?§SCN'
total standard deviation of ¢ = [2(0.006)23 = +0.,0084 v. This total
error was applied to the EO's in eqg [5] to compute the standard deviation in
Koo which is given in the ESTIMATED ERROR section.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Golub, A.M. zh. Obeschei. Khim.
[1701-93-5] 1956, 26, 1837-48.
(2) pPotassium thiocyanate; KSCN;
[333-20-0]

(3) Ethanol; C,HZO; [64~17-5]

VARIABLES : PREPARED BY:

One temperature: 20° Mark Salomon

EXPERIMENTAL VALUES:

3

In 0.5326 mol dm ~ KSCN solution the solubility of AgSCN is

- -3
CAg = 0.00166 mol dm

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:
The satd soln was prepared isother- C.p. grade KSCN was recrystallized,
mally at 20°C by placing excess dried and melted for 10-15 min.
AgSCN in a soln of KSCN which was Solns of c.p. grade AgNO3 and KSCN

equilibrated with frequent shaking. mixed to ppt AgSCN which was filtered,
The soln was analysed gravimetrically] washed, and dried in a desiccator
for Ag by precipitating Ag;S with CSof over CaCly. The ethanol was

The ppt was filtered, washed with "distilled and dehydrated."
water, alcohol, ether, CS2, alcohol,
and ether and dried at 90°C.

ESTIMATED ERROR:

Nothing is specified, but the
precision in the soly is probably
around *2-3%,

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN;
) {1701-93-5] L L Breant, M.; Georges, J. Bull. Soc.
2) Potassium perchlorate; KClOg4: ,
[7778"74-7] Chim, Fr. 1972, 382-6.
(3) Potassium thiocyanate; KSCN;
[333-20-0]
(4) Ethylene glycol; C,H_ O,;
[107-21e1] 27672
VARIABLES: PREPARED BY:
One temperature: 25% Mark Salomon

EXPERIMENTAL VALUES:

The ionic strength is probably close

log Kso(AgSCN) =

to 0.1 mol dm™ >

-13.0 #0,3

AUXILIARY

INFORMATION

METHOD:

The solubility product was determined
from potentiometric titrn data using
the cell

Ag/KSCN (xM) //KC1 (satd) , AgCl(satd)/Ag

The initial [KSCN] is presumed by the
compiler to equal 0.0l and titrant is
assumed to be 0.1M AgClOy,.

COMMENTS AND/OR ADDITIONAL DATA

The authors do not state tne initial
concentrations of KSCN or AgClO4, or
if a constant ionic strength was
maintained., 1In addition to the values
assumed above, it is probable that
0.1 LiCl04 was used to maintain a
const ionic strength as was reported
for the Hg2* studies which are also
described in this paper. Although the
experimental temp was 25°C, a value
of 0.058 V was used for the Nernst

ed in standardization experiments.

slope since this was the slope obtain-

SOURCE AND PURITY OF MATERIALS:

Ethylene glycol (Erba, R.P. grade)
was distilled under vacuum. The
following salts were used (presumably
as received): KSCN (R.P., Prolabo);
AgCl04 (Schuchardt); LiCl04 (G.F.
Smith). No other details were given.

ESTIMATED ERROR:

Standard deviation in Kgg calculated
by the authors is given above.

No other information given.

REFERENCES ;
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(4)
(5)

Tetraethylammonium nitrate;
(Coli5) 4yNNO3; [1941-26-0]
Tetraethylammonium thiocyanate;

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) silver thiocyanate; AgSCN;
[1701-?3—5]. Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
(2 Torassion pitrate; KSCN; Parker, A.J. J. Am. Chem. Soc.
(3) Potassium thiocyanate; KSCN; 1967, 89, 3703-12.
[333-20-0]

One Temperature: 25°%C

(C,yHs) gNSCM;  [4587-14-3
(6) Formamide; CH3NO; [75-12-7]
VARLABLES: "PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

log K., (AgSCN)

3

Ionic strength is constant at 0.01 mol dm .

= =9.9

AUXILIARY

INFORMATION

METHOD:

The solubility product was determined
from potentiometric titration data
using the cell

Ag/MSCN(O.OlM)//AgNO3(0.OIM)/Ag

where // is a salt bridge containing
a satd soln of tetraethylammonium
picrate, and MSCN is either KSCN or
(CpHg) 4yNSCN. 0.01M AgNO3 was titrd
into the MSCN soln which was exposed
to the atmosphere. The cell was
thermostated at 25°C and magnetically
stirred during the titration.

The titration curves showed only one
inflection point indicating that the
formation of Ag(SCN)3 is negligible
under the given experimental
conditions.

SOURCE AND PURITY OF MATERIALS:

Formamide was dried with type 4A
molecular sieves, and fractionated
twice under a reduced pressure of

dry Np. Analar grade AgNO3 and KSCN
were used as received. Tetraethyl-
ammonium thiocyanate was prepared
from the bromide and KSCN, recrystal-
lized from an organic solvent, washed
with ether, and dried in vacuum at
20-80°cC.

ESTIMATED ERROR:

Nothing specified, but a precision of
+0.1 log units is assumed by the
compiler,

REFERENCES ;
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COMPONENTS ; ORIGINAL MEASUREMENTS:

(1) Silver ghi?cyanate; AgSCN; Alexander, R.; Ko, E.C.F.; Mac, Y.C.;
[1701-93-5

(2) Eotassium ?itrate; KNO3; Parker, A.J. J. Am. Chem., Soc.

7757-79-1 1967, 89, 3703-

(3) Potassium_thiocyanate; KSCN; 2367, 89, 12.
[333-20-0]

(4) Hexamethylphosphorotriamide;
CeH1aN:0P; [680-31-9]

VARIABLES : PREPARED BY:

One temperature: 25%% Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at 0.1 mol dm-3. The data are reported in terms
of the following equilibrium constants
log KsO(AgSCN) = -7.4
log KsO(AgAg(SCN)z) = -5.1
logB, = 9.7

These constants correspond to the following equilibria:

AgSCN(s) < ag® + scN” KsO(Agscu)/mol2 am™®
- + - 2 . -6
2AgSCN(s) <« Ag + Ag(SCN)2 KSO(AgAg(SCN)z)/mol dm
+ - 2 - -2 6
Ag + 2SCN « Ag(SCN)2 82/m01 dm
AUXILIARY INFORMATION

METHOD:

The equil constants were determined
from potentiometric titrn data using
the cell

Ag/KSCN (0.10M) //AGNO, (0.01M) /Ag

where // is a salt bridge consisting
of a satd soln of tetrethylammonium
picrate. 0.10M AgNO3 was titrated in-
to the KSCN soln which was exposed to
the atmosphere. The cell was thermo-
stated at 25°C and magnetically stir-
red during the titrns.

The titration curve showed two well
defined plateaus from which the con-
stants By and Kgq(RgAg(SCN) ) were
calculated. The solubility product
for AgSCN was calculated from

longo(AgSCN)

SOURCE AND PURITY OF MATERIALS:

The solvent was dried with type 4A
molecular sieves, and fractionated
twice under a reduced pressure of dry
N, Analar grade AgNOj3 and KSCN were
used as received.

ESTIMATED ERROR:

Nothing specified. A precision of
+0.1 log units in the equilibrium
constants is assumed by the compiler.

%1og{Kso(AgAg(SCN)2)/32}

REFERENCES:
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COMPONENTS : EVALUATOR:
(1) Silver thiocyanate; AgSCN; Mark Salomon, U.S. Army Electronics
[1701-93-5]

Command, Fort Monmouth, NJ, U.S.A.
(2) Methanol; CH40; [67-56-1]
August 1978

CRITICAL EVALUATION:

Buckley and Hartley (1) were the first to evaluate Koo(AgSCN) using an
e.m.f. method in which the standard electrode potential for the Ag,AgSCN
half-cell was evaluated. The resulting value at 298.15 K is

14

2 2

KZO(AgSCN) = 1.8 x 107" mol® kg”“ , or log Kg,(AgSCN) = -13.7

There are a number of sources of error in the evaluation of this KSO: un-
published data for ion mobilities were used to evaluate lig junction
potentials; e.m.f. values were reported to an accuracy of 0.1 mV when it is
apparent that the reproducibility is no better than #1 mV; the mean molal
activity coeff, v+, for 0.01 m AgNO3 is assumed to be identical to that for
0.01 m HCl; similarly y; for NaCl solns are assumed to be identical to those
for equal concns of HCl. The std deviation in Kgo based solely on a repro-
ducibility of *1lmV is > %4%, and the total error due to the remaining
sources of uncertainty is probably at least +10%.

Parker and co-workers (2) determined K g at 298.15 K in a constant ionic
strength medium of 0.01 mol dm™°. Thelr result is

4 6

K o (AgSCN) = 1.3 x 1074 mo1? am” » or log K ,(AgSCN) = -13.9
Correcting for activity effects using the Davies equation (3)

1/2

log y, = =AW 7/(1 + w2y o 0.3Au = -0.167

The evaluator obtains the following result for the stnd equil constant:

log KZO = log KsO + 2log y, = -14.2

Converting this stnd value from a volume to a weight basis,

log (KO /mo1%kg™2) = log (k2 /mo1%am™®) - 210g @ = -14.0

In these calculations, the Debye-Hickel A factor (1.895 molwl/zdml's) and
the density of methanol (do = 0.7866 kg m~3) were taken from reference 4.

Tentative Value of Kgo(AgSCN) at 298.15 K

Due to the large experimental errors associated with the two Kgo values,

a tentative value appears more appropriate than a recommended one. Taking
the mean Kgg's and combining the probable experimental error of *10% with
the deviation from the mean, we have

2 -2

)
log (K, /mo1? dam™®)

1og(K§0/mol kg -13.9%0.3

-14.1+0.3

REFERENCES:

1. Buckley, P.S.; Hartley, H. Bhil. Mag. 1928, 8, 320.

. Alexander, R.; Ko, E.C.F.:; Mac, Y.C.; Parker, A.J. J. Am. Chem. Soc.
1967, 89, 3703.
Davies, C.W. Ion Association. Butterworths. London. 1962.
Covington, A.K.; Dickinson, T. Physical Chemistry of Organic Solvent
Systems. Plenum Press. London. 1973, ch. 1.
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(2) Sodium thiocyanate; NaSCN;
[540-72-7]

(3) Methanol; CH,0; [67-56-1]

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Buckley, P.S.; Hartley, H.
[1701-93-5]

Phil. Mag. 1928, &, 320-41.

VARIABLES :

One temperature: 25°C

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

of the following cells:

where a

o = o -—
log KsO (EAgSCN,Ag

The results of the measurements (see

Pt,Hz/HCl(a=l) // NaSCN (a=

Pt,Hz/HCI(a=l) // AgClO4(a=1)/Ag

The solubility product was determined from standard electrode potentials

(o]

1) /AgSCN,Ag EAgSCN,Ag [1]
(o]
EAg,Ag+ [2]

1 represents the hypotehtical 1 molal reference state. The
solubility product was calculated from the relation

[o]
E +)F/2.3RT
Ag,Ag JF/2.3

below) are:

Kgo(AgSCN) = 1.8 x 10714 mo12 kg_2
- o,1/2 _ -7 -1
CAg (Kso) 1.3 x 10 mol kg
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE ;

To evaluate the E°'s of cells [1] and
[2] the authors made e.m.f. measure-
ments on the following cells:

Ag,AgCl/NaCl(O.Olm)//NaClO4(0.01m)// -
4.4mv 1.lmv
AgClO, (0.01m) /Ag [3]

Ag,AgSCN/NaSCN (0.02m) //NaC1(0.02m)// -
2.6mvV 1.9mv

NaCl(0.1lm)/Hg,Cl,,Hg [4]

Ag,AgC1/NaCl(0.1m)/Hg,Cl,, Hg [5]

The lig junction potentials are listed
below the symbols //. To relate the
e.m.f.'s of cells [3] and [4] to the
standard hydrogen electrode, the
authors used the data of Nonhebel and
Hartley (1) to evaluate the e.m.f. of
the cell

HZ/HCI(a=1)//HCl(0.lm)/AgCl,Ag

and

Le]

SOURCE AND PURITY OF MATERIALS:

Methanol was purified by the method
of Hartley and Raikes (2) which in-
volved drying with aluminum amalgam
followed by distillation. The salts
were "pure specimens" prepared pre-
viously for conductivity studies (no
details given, but this is probably
reference 3 in which "pure" commercial
salts were recrystallized). The
AgSCN,Ag electrode was prepared from
granular Ag and pptd AgSCN.

ESTIMATED ERROR:

The authors report e.m.f.'s to
although their measurements on cell
[4] are good to probably +lmV: this

leads to a stnd deviation in Ksg of
> t4%.

0.1lmv

REFERENCES ;

1. Nonhebel, G.; Hartley, H. Phil.
Mag. 1925, 1, 729.

2. Hartley, H.; Raikes, J. Chem. soc.
1925, 127, 524.

3. Frazer, J.E.; Hartley, H. Proc.
Roy. Soc. (London) 1925, 109, 351.
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COMPONENTS : ORIGINAL MEASUREMENTS: (continued)
(1) Silver thiocyanate; AgSCN; Buckley, P.S.; Hartley, H.

[1701-93-5] Phil. Mag. 1928, 8, 320-41.
(2) Sodium thiocyanate; NaSCN;

[540-72-7]

(3) Methanol; CH,0; [67-56~11

COMMENTS AND/OR ADDITIONAL DATA:

Since a number of assumptions are involved in the calcn of the E®'s,

a de-

tailed description seems worthwhile. The liqg junction potentials, Ej, were

calecd from

Ej = (RT/F)1ln (A/X'") or Ej =

{ (u-v)/ (u+v) } (RT/F) 1n (m;/m,)

The former equation was used for two monovalent salts having one ion in
common, and possessing equivalent conductivities A and A'. The latter egn
was used for solns of the same monovalent salt whose concentrations are m]
and m2 and whose cations and anions have mobilities u and v, respectively.
The data for these calculations were obtained from earlier work (3), and
from unpublished data: some of these data are given in the present paper.
Assuming v+ for 0.0lm AgClOg4 = 0.745 (i.e. the experimental value (1) for

HCl), we have

o
= +
Erg,agt = E3 ¥ E

9 * (RT/F)1n(0.01 x 0.745) =

0.7646V

Similarly taking y,= 0.664 for 0.02 m NaSCN,

E®
Ag,AgSCN

= Eg + Eg -~ Ey + (RT/F)1n(0.02 x 0.664) =

-0.0489v

The authors attempted to use AgNO3 solns in cell [3] but obtained lower
Egg agt values which was attributed to incomplete dissociation of this salt
in ﬁe%hanol. Electrolytically prepared Ag,AgSCN electrodes were neither

reproducible or constant.

AUXILIARY INFORMATION

METHOD:
For cell[6] Eg = 0.0711lV. Finally the
e.m.f. of cell [7] can be calculated

H2/HCl(a=l)//HCl(O.Olm)/Agcl,Ag

for NaCl solns are identical to HC1
(1). For 0.0lm and 0.1lm solns, E7 was
given as

E, = E

7 + (RT/F)1n {(0.1 x 0.461)/

(0.01 x 0.745)} = 0.1181V

After correcting for the liguid
junction potentials, the authors
report the experimental values

6

E =

3 0.5210v ;

E, = 0.055V

E5 = 0.046V

In the measurements on cell [4], the
initial e.m.f. was 0.023V which rose
to a constant value of 0.055V after
4 days.

(7]

assuming the mean molal actavity coeff

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

Temperature: +0.02°%

REFERENCES:
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
{1701-93-5]

(2) Potassium nitrate; KNO3;
[7757-79-1]

(3) Potassium thiocyanate; KSCN ;
[333-20-0]

(4) Tetraethylammonium nitrate;
(CoHg) ,NNO3;  [1941-26~0]

(5) Tetraetnylammonium thiocyanate;
(C,Hg) ,NSCN; [4587-19-3]
(6) Methanol; CH40; [67-56-1]

ORIGINAL MEASUREMENTS:

Alexander, R.; Ko, E.C.F.; Mac, Y.C.]
Parker, A.J. 1967,
89, 3703-12.

J. Am. Chem. Soc.

VARIABLES: One temperature: 259C

PREPARED BY: Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at 0.0l mol dm—3
log KSO(AgSCN) = ~13.9
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The solubility product was determined
from potentiometric titrn data using
the cell

Ag/MSCN(O.OlM)//AgNO3(0.01M)/Ag

where // is a salt bridge containing
a satd soln of tetraethylammonium
picrate, and MSCN is either KSCN or
tetraethylammonium thiocyanate. 0.01M
AgNO3 was titrated into the MSCN soln
which was exposed to the atmosphere.
The cell was thermostated at 25°C

and magnetically stirred during the
titration. In calculating the [Agt]
on the left hand side, the [Ag*] in
the right compartment was corrected
for incomplete dissociation: i.e.
from reference 1, the dissociation
constant of AgNO3 in methanol is

3

= 1.3 x 1072 mol am™3.

Kdiss

SOURCE AND PURITY OF MATERIALS:

Methanol was purified as described
elsewhere (2). Analar grade KSCN and
AgNO, were used as received., Tetra-
ethy%ammonium thiocyanate was pre-
pared from the bromide and KSCN,
recrystallized from an organic
solvent, washed with ether, and dried
in vacuum at 20-80°C.

ESTIMATED ERROR:

Nothing is specified, but the repro-
ducibility in Kgg is probably about
$0.1 log units

REFERENCES :
l. Drago, R.S.; Purcell, K.F. Non-
Aqueous Solvent Systems. ed. T.C.

Waddington. Academic Press. London]

1965.
2. Clare, B.W.; Cook, D.; Ko, E.C.F.;
Parker, A.J. J. Am. Chem. Soc.

1966, 88, 1911.
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Tetraethylammonium perchlorate;

(CoHg) 4NC104; [2567-83-11]
Tetraethylammonium thiocyanate;
(CoHg) 4yNSCN; [4587-19-3]

(4) Nitromethane; CH3NOp; [75-52-5]

(3)

ORIGINAL MEASUREMENTS:
Bardin, J.-C. J. Electroanal. Chem.
Interfacial Electrochem. 1970, 28,

157-66.172

VARIABLES:
One temperature: 25%

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is varying and < 0,01 mol dm °, The data are reported in
terms of the following equilibria:
agt + 2seNT 3 Ag(sem); B, = 2.5 x 1076 mo172 an®
> + - = -18 2 -6
2AgSCN(s) <« Ag + Ag(SCN)2 KSO(AgAg(SCN)z) = 4.0 x 10 mol“ dm
AgSCN(s) ¥ Agt + scN” K_. (AgSCN) = 1.3 x 10717 mo1? am™®
s0

3

out using the cell
Ag/(C,Hg) 4JNSCN(0.01M) //ref

where ref is an Ag/AgCl reference
electrode as described elsewhere (3).
AgCl04 was titrated into the cell
which was enveloped with a water
jacket. [Ag*T] was determined from the
Nernst equation and [SCN~] from mass
balance considerations,

AgSCN(s) + SCN™ + Ag(SCN); K., = 0.3

AUXILTARY INFORMATION
METHOD: SOURCE ITY OF MATERIALS;
Potentiometric titrations were carried (dgﬁs)ﬁﬁhé prep by passifg a soln of

COMMENTS AND/OR ADDITIONAL DATA:

In an earlier paper (2), Badoz-
Lambling and Bardin report the same
Kgp data for the same solvent and
supporting electrolytes but indicate
the temperature to be 20°C,

(C2Hg) 4NC104 through a column of the
SCN-form of Dowex 1X4 ion-exchange

resin. Effluent evap under vac, re-

cryst from methanol, dried under vac
at 80°C and stored under vac, Practi-
cal CH3NO3 washed with ag NaHCOj3,
NaHSO3, and 5% H;SO4, dried with anhyd

Cas04 and fractionally distilled under]
vac collecting the 110° fraction which
wis dr%gdoﬁver CaS04 under Ny for 3
wks. < 4

C3H7NO3 %prp-aegégagi C2HsNOp and
ESTIMATED ERROR:

Nothing specified, but the precision
in the equilibrium constants is
probably +10%.

REFERENCES :

1. Bardin, J.-C. Thése. Paris., 31 Mai
1972. enregistrée au C,N,R,S, sous
Ie No. AO 7142.

2, Badoz-Lambling, J.; Bardin, J.-C.
C.R. Acad. Sci. 1968, c266, 95.

3. Cauquis, G.; Serve, D. Bull. Soc.
chim. Fr. 1966, 302.
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COMPONENTS : ORIGINAL MEASUREMENTS :
(1) Silver thiocyanate; AgSCN; _ R
[1701-93-5] Courtot-Coupez, J.; L'Her, M.

(2) Tetraethylammonium perchlorate;
(C2Hg) gNC104; [2567-83-1]
(3) Tetraethylammonium thiocyanate;
(CaHg) gNSCN; [4587-19-3]
(4) Propandediol-l, 2-carbonate (pro-
ylene carbonate); C4H603;
f108—32-7]

Bull. Soc. Chim. Fr. 1969, 675-80.

VARIABLES:

o

One temperature: 22°C

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

Based on molar_units at a temperature

of 0.11 mol/dm>, the data are reported in terms of the following equilibrium

constants.

log K ,(AgSCN) = -16.9 0.1

log Kso(AgAg(SCN)z) = -16.4 +0.1

These equilibrium constants correspond

AgSCN(s) < agt + scn”

2AgSCN(s) < Ag' + Ag(scN)}

2Ag(scu)§' + agt T 3ag(scm))

agh + 2scN” T ag(scn),

agt + 3sen” ¥ ag(scm) 2T

of 22°C and a constant ionic strength

log K, = 10.6 +0.1
log 8, = 16.0 +0.1
log By = 18.7 +0.1
to the following reactions:

KSO(AgSCN)/m012 am™®

-6
KSO(AgAg(SCN)z)/mol2 dm

Ky

Bz/mol-z am®

f33/mol_3 am?

AUXILIARY INFORMATION

METHOD:

Potentiometric titrations were carried
out on the cell

Ag/Et4NSCN(0.OlM), Et4NClO4(0.lM)//
AgClO4(0.OlM), Et4NC104(0.lM)/Ag

where Et = CpHg and the junction which
is a porous glass frit, is represented|
as //. The thiocyanate soln was
titrd with 0.5M AgCl04 at room temp-
erature. The various equilibrium
constants were calculated trom various

SOURCE AND PURITY OF MATERIALS:
The solvent was vacuum distilled and

the fraction distilling at 72°C pas-
sed through 4A molecular sieves:
water content < 20 ppm. AgClO04 (BDH)
dried under vacuum at 40°C for 24 h,
and stored in vacuum: Et4NC104
treated identically but at room temp.
Et4SCN prep from KSCN and Et4NCl in
hot abs alcohol: the insol KCl separa-
ted by filtration and Et4NSCN pptd
and recryst three times from abs
ethanol, dried in vacuum at 80°C.

parts of the titration curve.

ESTIMATED ERROR:
The standard deviations in the
equilibrium constants are given above,

REFERENCES :




229

COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

Potassium nitrate; KNO3;
[7757-79-1]

Potassium thiocyanate;
[333-20-0]
N-methyl-2-pyrrolidinone;
CgHgNO; [872-50-4]

(2)
(3)
(4)

KSCN;

ORIGINAL MEASUREMENTS:

Virtanen, P.0.I.; Kerkela, R.
Suomen., Kem, 1969, B42, 29-33.

VARIABLES:

One temperature: 25°¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at 0.0l mol

am™3.

log KsO(AgSCN) = -10.26

log B, = 11.30

AUXILIARY INFORMATION

METHOD:

The soly product and stability const
were calcd from potentiometric titrn
data obtained from the cell

Ag/AgNO,4 (0.01M) //KC1(1M)//
AgNO, (0.01M) /Ag
One side of this cell was titrd with
0.01M KSCN., The titrn curve showed

two equivalence points, and the equil
constants calcd by a graphical method.

SOURCE AND PURITY OF MATERIALS:

Technical grade solvent was distilled
through a Vigreux column under vacuo,
and 80% was retained for use. Water
content was < 0.002M (Karl Fischer
titrn), and a conductometric titrn of
the acidified solvent with stnd NaOH
confirmed the absence of amino acid
impurities. Commercial salts were
dried in vacuum at an "appropriate"
temperature. Polished silver wire
electrodes were used.

-
COMMENTS AND/OR ADDITIONAL DATA:

In calculating Kgp and B3, it was
assumed that AgNO3 was completely
@onized. If AgNO3 is not completely
lonized, the authors point out that
log Kgp may be more negative by as
much as 0.2 to 0.3 log units.

ESTIMATED ERROR:

Kgo: Nothing specified. Precision
of +0.05 log units can be assumed
(compiler) .

Temperature: +0.02°C.

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN;
[1701-93-5] Caillet, A.; Demange-Guerin, G.

(2)
(3)
(4)

Tetrabutylammonium perchlorate;
(C4Hg) 4NC104; [1923-70-2]
Tetrabutylammonium thiocyanate;
(C4Hg) 4NSCN; [3674-54-2]
Tetrahydrofuran; C4HgO;

[109-99-9]

J., Electroanal. Chem. Interfacial

Electrochem. 1972, 40, 187-96.

VARIABLES:

One temperature: 25°%¢

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is constant at &~ 0.1 mol dm_3.

The data were reported in

terms of the following equilibria occuring in the presence of ion-pairing:

>
AgSCN(s) + (C4H9)4NC104 « AgClO4 +

->
«

AgClO4 + 2(C4H9)4NSCN

(C4H9)4NSCN

K'. = 4.0 x 10718

2 -6
&0 mol® dm

(C4H9)4N-Ag(SCN)2 + (C4H9)4NC104

In the absence of ion-pairing, the approximate results are:

AgSCN(s) < ag’ + scn”

agt + 2sen” 2 Ag (SCN)

BY = 2.5 x 1018 mo172 am®

_ -19 2 . -6
KsO 7.9 x 10 mol® dm
B,=1.3 x 10°2 mo1"2 am®

2

AUXILTIARY INFORMATION

METHOD:
A potentiometric titrn method was
used. The titration cell is

represented by

Ag/Bu4NSCN(xM), Bu4NC104(0.1M)//ref
where Bu = C4Hg and the reference
electrode is assumed by the compiler
to be identical to one described in a
previous paper (l): i.e.

ref = AgClO4(0.01M),Bu4NC104(O.lM)/Ag

The concentration x for Bu,NSCN is not

given, but is assumed to equal 0.005
mol/L which is the value employed for
the halides which are also described
in this paper. The equilibrium
constants were calculated from the
data corresponding to the various
parts of the titrn curve where the
different ionic species predominate.

SOURCE AND PURITY OF MATERIALS:
bothing specified, but probably
similar to that described earlier (1).
Commercial BuyNC1l04 and anhydrous
AgCl0y4 were used. The solvent was
stored over potassium for 15 days,
refluxed over sodium in N for 4 h,
and fractionated., Karl Fischer
titration gave [H50] =0.005 mol am™3,

ESTIMATED ERROR:
<

Nothing specified. A precision <
+10% for exptl equilibrium constants
s assumed by the compiler.

REFERENCES ;

1. Caillet, A.; Demange-Guerin, G.

J. Electroanalyt. Chem. Interfacial
Electrochem. 1972, 40, 69.

Treiner, C.; Justice, J.C. C. R.
Acad. Sci. 1969, Cc269, 1364.

2.
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COMPONENTS : ORIGINAL MEASUREMENTS: inued
(1) Silver thiocyanate; AgSCN; (continued)
[1701-93-5] caillet, A.; Demange-Guerin, G.
(2) Tetrabutylammonium perchlorate; ial
(C4Hg)4NC104; [1923-70-2] J. Electroanal. Chem, Interfacia
(3) Tetrabutylammonium thiocyanate; Electrochem. 1972, 40, 187-96.

(C4Hg) gNSCN;  [3674-54-2]
(4) Tetrahydrofuran; C4HgO;
[109-99-9]

COMMENTS AND/OR ADDITIONAL DATA:

Since the dielectric constant of tetrahydrofuran is small (e =7.4 D at 25°¢C)
ion-pairing effects are expected to be large. From the equilibriu@
equations given above, the authors derive the following relationships:

PK o = PRy, + PK;(AGCLO,) + pKG(Bu4NSCN) - PKg(Bu,NC10,)
log B, = log B) + pKG(AgC104) + 2pKG(Bu4NSCN)
~pKg (BuyNC10,) - pK; (Bu,N-Ag (SCN),)

where K. is the dissociation constant of the indicated ion-pair. Thg PKg
values ?or AgCl04 (unpublished results) and BuygNC1l04 (2) are respectively,
3.4 and 6.2. The pKg values for BuyNSCN and BuyN-+Ag (SCN) » were assumed to

equal 3.5 {(note: a typographical error in the paper incorrectly lists a
value of 4.5).

AUXILIARY INFORMATION

METHOD: SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS :
(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Tetraethylammonium perchlorate;
(C2Hg) 4NC104; [2567-83-1]

(3) Potassium thiocyanate; KSCN;
[333-20-0]

(4) Tetrahydrothiophene-l, l-dioxide
(tetramethvlene sulfone);

ORIGINAL MEASUREMENTS:

Della Monica, M.;
L.

Lamanna, U.;

Senatore, Inorg. Chim,., Acta

1968, 2, 363-6.

C4Hg0,5 [126-33-0]
VARIABLES: o PREPARED BY:
One temperature: 30°C Mark Salomon

EXPERIMENTAL VALUES:

Ionic strength is 0.1 mol am~3.

K - = (5.4%0.2) x 10”17

s0

mol

2 6

dm”

The overall stability constant for the reaction

agt + 2scN” = ag(scn);
was determined as
B, = (1.1:0.04) x 1016 mo12 am®

AUXILIARY INFORMATION

METHOD:

Potentiometric titrn method used: the
cell is represented as

Ag/AgClO4(0.003673M)//satd calomel

where // is an NH4NO3-agar salt
bridge. 5.245 x 10~2M KSCN was titrd
into the cell (¥0.01 ml) in an air
thermostat. (C2Hg)4NClO4 used to main-o
tain ionic strength constant at 0.1M.
A conductometric titrn using smooth
Pt electrodes is also reported. This
tatter titrn shows one inflection at
the equivalence point indicating the
formation constant of Ag(SCN)3Z to be

SOURCE AND PURITY OF MATERIALS:

Solvent (shell Italiana) was distil-
led from NaOH at 10-4 torr until its
conductivity was 2 x 10~8 ohm~lem-1.
AgCl04 recryst from conductivity H20
and dried under reduced pressure at
1109C. KSCN (Fisher, ACS) recryst
from conductivity H30 and dried under
reduced pressure for 40 h at 60°C.
(CoH5) 4yNC1l04 prepared from aqueous
soln of AgCl04 and removed by filtra-
tion and the soln evaporated: (C2H5)4
NCl0,4 filtered, recryst from conduct-
évéty H70, and dried in vacuum at
0cc.

small., The soly product was calcd
from the data in the satd region of
the titrn curve, and the overall
stability constant, B2, was calcd
from the data in unsaturated solns.

ESTIMATED ERROR:

The standard deviations given above
were calcd from the mean experimental
values by the authors. Only one titrn
was carried out so that the reproduc-
ibility in Kgg is not given.

Temperature control was iO.ZOC.
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COMPONENTS :

(1) Silver thiocyanate; AgSCN;
[1701-93-5]

(2) Ammonia; NHjy; [7664-41-7]

ORIGINAL MEASUREMENTS:

Blytas, G.C.; Kertesz, D.J.; Daniels,
F. J. Am., Chem., Soc. 1962, 84,
1083-5.

VARIABLES:

One temperature: -12%

PREPARED BY:

Mark Salomon

EXPERIMENTAL VALUES:

61.75 wt %

or

The solubility of AgSCN is liquid ammonia at -12% is

9,73 mol/kg

AUXILIARY

INFORMATION

METHOD:

The soly was determined by the syn-
thetic method (1) using glass tubes.
The tubes were weighed, AgSCN added
and heated under vacuum for 2 h and
reweighed., NH3 was distilled into the
tube which was then sealed and weigh-
ed. The liquidus temperatures were
measured during slow heating, and the
soly determined at the temp at which
the last crystals disappeared.
Additional description of the
apparatus and method is given in
reference 2,

SOURCE AND PURITY OF MATERIALS:

Ammonia was purified by distilling
first from a trap containing sodium,
and then directly into the
solubility tubes. (2) No other
information is given.

COMMENTS AND/OR ADDITIONAL DATA:

The authors do not state whether
corrections were made for the vapor

ESTIMATED ERROR:

Solubility: *0.1% (as determined from
the original "synthesis").

Pressure of NH3 above the saturated
soln., If the vapor pressure is large,
then the weight of NH3 in the gas
phase must be subtracted from the
total weight of NH3 initially placed
into the solubility tube.

Temperature: not specified.

REFERENCES ;

l. Menzies, A W.C. J. Am. Chem, Soc.
1936, 58, 934.

2. Blytas, G.C.; Daniels, F. J. Am.

Chem., Soc. 1962, 84, 1075.

SDr__p
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Silver thiocyanate; AgSCN; Jander, G.; Ruppolt, W, z. Physik.
[1701-93-5]
Chem. 1937, 179a, 43-50.
(2) Sulfur dioxide; SO,; Jander, G.; Wickert, K. 2Zz. Physik.
[7446-09-5] 2
Chem. 1936, 178A, 57-73.
VARIABLES:

One temperature: 0°c

PREPARED BY:
Mark Salomon

EXPERIMENTAL VALUES:

The solubility of AgSCN in liquid $0, at 0°c is

0.14 g kg™*

0.00085 mol kg™t

(compilers calcn)

AUXILIARY INFORMATION

METHOD:

The soly was determined isothermally
in an ice bath. Lig SO was satd with
AgSCN in a sealed tube and rotated in
the bath until equil was attained (no
details were given)., A wad of glass
wool in the center of the tube served
to filter the satd soln by rotating
the tube lengthwise through 180°, Up-
on rotation the lower half, while
still in the bath, was separated by
melting the tube just below the glass
wool. Analysis was performed by evap-|

SOURCE AND PURITY OF MATERIALS:

Commercial SO of high purity was
passed through con H2504, asbestos
wool to remove dust and non-gaseous
impurities, P205, and asbestos wool.
It was collected in a vessel cooled
with an ether/COp mixture. Its final
specific conductivity was 4.7 x 107
ohm~! cm~1 (temp not specified).

The AgSCN was either prepared by the
authors or was a high purity
commercial product. The salt was
dried before use.

orating the $0; and dissolving the
residue in water followed by quantita-]
tive analysis by "known" methods.
Details on how the residue was dis-
solved and on the method of analysis
were not given.

ESTIMATED ERROR:
Nothing specified.

COMMENTS AND/OR ADDITIONAL DATA:

Two original sources are cited since
they both contain similar information.
Source 1 describes the purity of the
salts and details on the experimental
method whereas source 2 gives details
on the preparation of the solvent,

REFERENCES:
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SYSTEMS INDEX

Underlined page numbers refer to specific citations in the evaluvation text

and those not underlined to the compiled data for that system.

Salts are

listed according to the solvent: i.e. agueous systems are listed first
followed, respectively, by aqueous-organic mixed solvent systems, organic

solvent systems, and inorganic solvent systems.

A page
Acetone + AgSCN + KSCN + KNO, + water 177, 179-180
+ AgSCN + KSCN + KClO4 + water 177, 181-182, 183
+ AgSCN + KSCN 207
p:)
cetonitrile + AgN; + (C,Hg),NN, + (C,Hg),NNO, 20
+ AgSCN + KNO3 + KSCN 208
Ammonia + AgN, + water 1, 7-8, 17
+ AgCN + water 47, 54-55, 59, 66
+ AgCN + KAg(CN)2 + AgNO, + water 66
+ BgSCN + water 105, 109-110, 116, 132
+ AgSCN 233
Ammonium thiocyanate + AgSCN + water 133-134, 148-149
B
Barium nitrate + AgCN + AgI + KCN + KI + KNO, + water 8l
Barium thiocyanate + AgSCN + water 139-140
Benzene, 1,4-dichloro- + Kag(CN), + eicosahydrodibenzo [b, k] -
[1,4,7,10,13,16] hexaoxacyclooctadecin 83
C
Calcium thiocyanate + AgSCN + water 143-144
D
O-Dichlorobenzene, see benzene, 1,4-dichloro-
Dicyclohexyl-18-crown-6, see eicosahydrodibenzo[b,k]-
ﬁ,4,7,10,13,lG]hexaoxacyclooctadecin
Diglyme, see 1,2-dimethoxyethane
1,2-Dimethoxyethane + AgSCN + (C4H9)4NSCN + (C4H9)4NC104 209-210
Dimethylacetamide + AgN, + NaN, + NaNO, 21
+ AgSCN + KSCN + KNOg 211
Dimethylformamide + AgN, + NaN, + NaNo, 22
+ AgSCN + KSCN + KNO, 212
+ AgSCN + KSCN + KClO4 + water 184
Dy
methyl sulfoxide + AgN, + (C,Hg),NN, + (C,H;), NNO, 23, 24
+ AgN, + (C2H5)4NN3 + (C2H5)4NC104 23, 25
+ AgN3 + (C2H5)4NN3 + (C2H5)4NClO4 + water 18
+ AgCN + (C2H5)4NCN + (C2H5)4NC104 84
+ AgSCN + KSCN + KNO3 213, 214
+ AgSCN + AgNO; + (C2H5)4NC104 213, 215
+ AgSCN + (C,Hg),NSCN + (C2H5)4NC104 213, 216
+ AgSCN + KSCN + KClO4 + water 185, 187
+ AgSCN + (02H5)4NSCN + (C2H5)4NC104 + water 185, 186
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p-Dioxane, see 1l,4-dioxane

1,4-Dioxane + AgSCN + KSCN + KNO; + water 188, 189
+ AgSCN + KSCN + KClO4 + water 188, 190-191, 192
E

Eicosahydrodibenzo[b,k][1,4,7,10,13,16] hexaoxacyclooctadecin +

KAg(CN)2 + 1,4-dichlorobenzene 83

Ethanol + AgSCN + LiSCN 217-218

+ AgSCN + KSCN 219

+ AgSCN + KSCN + KNO3 + water 93, 194-195

+ AgSCN + KSCN + KClO4 + water . 193, 196-197, 198

+ NaAg(CN)2 + water 82

Ethylene glycol + AgSCN + KSCN + KClO4 220
F

26

Formamide + AgN3 + NaN3 + NaNO3
+ AgN, + (c2H5)4NN3 + (C2H5)4NNO3 26

+ AgSCN + KSCN + KNO3 221
+ AgSCN + (C2H5)4NSCN + (C,H;) ,NNO4 221
G
Glycerol + AgSCN + KSCN + KNO5 + water 199
H
Heavy water, see water-d2
Hexamethylphosphoroamide, see hexamethylphosphorotriamide
Hexamethylphosphorotriamide + AgN3 + NaN3 + NaNo3 27
+ AgSCN + KSCN + KNO, 222
Hydrocyanic acid, see hydrogen cyanide
Hydrogen cyanide + AgCN + water 46-47, 53-54, 70-71
+ AgCN + HNO3 + sto4 86
Hydrogen fluoride + AgCN 87
L
Lithium thiocyanate + AgSCN + ethanol 217-218
M
Methanol + AgN3 + NaN, + (C2H5)4NNO3 28
+ AgSCN + KSCN + KNO3 + water 200, 201-202
+ AgSCN + KSCN + KClO, + water 200, 203-204
+ AgSCN + KSCN + KNO, 223, 226
+ AgSCN + NaSCN 223, 224-225
+ AgSCN + (C,Hg) NSCN + (C,Hg),NNO, 223, 226
Methyl tricyanamide argentate + water 36~37

N-Methyl~2-pyrrolidinone, see 2-pyrrolidinone, N-methyl-
N-Methyl-2-pyrrolidone, see 2~-pyrrolidinone, N-methyl-
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N

Nitric acid + Ag,CN, + KNO, + water

+ AgCN + sto4 + hydrogen cyanide
Nitromethane + AgCN + (C2H5)4NCN + (C2H5)4NC104

+ AgSCN + (02H5)4NSCN + (c2H5)4N0104
Non-aqueous solvents,

under the salt.

component systems are:
AgN3/dimethyl sulfoxide
AgCN/hydrogen cyanide
AgSCN/dimethyl sulfoxide
AgSCN/methanol

p

Perchloric acid + AgCN + NaCN + Naclo4 + water
+ AgSCN + KSCN + water

Potassium azide + AgN3 + water

+ AgCN + AgBr + KAg(CN)2 + water

+ AgSCN + AgBr + KSCN + water

+ AgSCN + KSCN + sto4 + water

chloride + AgCN + AgCl + KAg(CN)2 + water

+ AgSCN + AgCl + KSCN + water

Potassium bromide

Potassium

Potassium cyanate + AgOCN + water

Potassium cyanide + AgCN + water
+ AgCN + AgIl + Ba(N03)2 + KI + KNO, + water
+ AgCN + KNo3 + water

Potassium dicyanoargentate + AgCN + NH3 + AgNO3 + water

+ AgCN + AgBr + KBr + water
AgCN + AgCl + KC1l + water
AgCN + AgSCN + KSCN + water 45, 65,
AgCN + NaOH + water 47,

water
eicosahydrodibenzo [b,k][1,4,7,10,13,16] -

+ 0+ + o+ o+

+ water—d2
Potassium iodide + AgCN + AgI + Ba(NO

Potassium nitrate

3)2 + KCN + KNO3 + water
AgN3 + NaN3 + water

AgCN + AgI + Ba(NO + KCN + KI + water

+

* 3)2
+ AgZCN2 + HNO3 + water
+ AgSeCN + KSeCN + water
+ AgSCN + AgNO3 + water
+

AgSCN + KSCN + water

+ KSCN + acetone + water
+ KSCN + 1,4-dioxane + water
+ KSCN + ethanol + water

AgSCN
AgSCN
AgSCN
AgSCN

+ + + +

+ KSCN + glycerol + water

hexaoxacyclooctadecin + 1,4-dichlorobenzene

Binary and multicomponent systems are listed
For aqueous mixtures see also W in the systems
index. Critical evaluations for non-aqueous binary and multi-

33

86

85

227

23

86

213

223

79-80

164, 171-172
14

45, 64

102, 127
121

45, 63

102, 126
38-39, 43-44
45, 68-69

81

72-73, 77, 78
66-67

45, 64

45, 63

102, 122-123
75-76, 79-80
74

83

89

81

9

81

31, 33

90, 96-97
147

103, 145-146, 150-151, 152-153,
165-166, 169-170
177-178, 179-180

188, 189
193, 194-195
199
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Potassium nitrate, continued
+ AgSCN + KSCN + methanol + water 200, 201-202
+ AgSCN + KSCN + l-propanol + water 205
+ AgSCN + KSCN + 2-propanol + water 206
+ AgSCN + KSCN + acetonitrile 208
+ AgSCN + KSCN + dimethylacetamide 211
+ AgSCN + KSCN + dimethylformamide 212
+ AgSCN + KSCN + dimethyl sulfoxide 213, 214
+ AgSCN + KSCN + formamide 221
+ AgSCN + KSCN + hexamethylphosphorotriamide 222
+ AgSCN + KSCN + methanol 223, 226
+ AgSCN + KSCN + N-methyl-2-pyrrolidinone 229
Potassium perchlorate + AgSCN + KSCN + water 196-197, 203-204
‘ + AgSCN + KSCN + acetone + water 177-178, 181-183
+ AgSCN + KSCN + dimethylformamide + water 184
+ AgSCN + KSCN + dimethyl sulfoxide + water 185, 187
+ AgSCN + KSCN + 1,4-dioxane + water 188, 190-192
+ AgSCN + KSCN + ethanol + water 193, 196-198
+ AgSCN + KSCN + methanol + water 200, 203-204
+ AgSCN + KSCN + ethylene glycol 220
Potassium selenocyanate + AgSeCN + water 90, 94-95
+ AgSeCN + KNO3 + water 90, 96-97
Potassium thiocyanate + AgCN + AgSCN + KAg(CN)2 + water 46, 65
102, 122-123
+ AgSCN + KBr + H2504 + water 121
+ AgSCN + AgBr + KBr + water 102, 127
+ AgSCN + AgCl + KCl + water 102, 126
+ AgSCN + water 102, 103, 109, 114, 119-120, 128-129
130, 131, 135-136, 141-142
+ AgSCN + HC1O4 + water 164, 171
+ AgSCN + KNO; + water 103, 145-146, 150-151, 152-153
165~166, 169~170
+ AgSCN + Kclo4 + water 196-197, 203-204
+ AgSCN + KNo3 + acetone + water 177-178, 179-180
+ AgSCN + KClO4 + acetone + water 177-178, 181-183
+ AgSCN + KC1O4 + dimethylformamide + water 184
+ AgSCN + KClO4 + dimethyl sulfoxide + water 185, 187
+ AgSCN + KNO3 + 1,4~-dioxane + water 188, 189
+ AgSCN + KClO4 + 1,4-dioxane + water 188, 190-192
+ AgSCN + KNO3 + ethanol + water 193, 194-195
+ AgSCN + KClO4 + ethanol + water 193, 196-198
+ AgSCN + KNO3 + glycerol + water 199
+ AgSCN + KNO3 + methanol + water 200, 201-202
+ AgSCN + KClO4 + methanol + water 200, 203~204
+ AgSCN + KNO3 + l-propanol + water 205
+ AgSCN + KNO3 + 2-propanol + water 206
+ AgSCN + acetone 207
+ AgSCN + KNO, + acetonitrile 208
+ AgSCN + KNO3 + dimethylacetamide 211
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Potassium thiocyanate,

conti
+ AgSCN + KNO
AgSCN + KNO
AgSCN
AgSCN
AgSCN
AgSCN
AgSCN
AgSCN
AgSCN + (C,
1,l-dioxide

KC1
KNO
KNO

+ 4+ o+ o+ o+ o+ o+ o+
+ + + o+ o+ o+

nued
3t dimethylformamide
3t dimethyl sulfoxide

ethanol

04 + ethylene glycol

3t formamide

+ hexamethylphosphorotriamide
+ methanol

3t N-methyl-2-pyrrolidinone

NC10O

H5)4 4t tetrahydrothiophene-

Propane-1, 2, 3-triol, see glycerol
l-Propanol + AgSCN + KNO3 +
2-Propanol + AgSCN + KNO, +
Propylene carbonate, see propanediol-l,2-carbonate

Propanediol-l,2-carbonate + AgSCN + (C2
Pyridine + AgN3

+ AgN3 + water

2-Pyrrolidinone, N-methyl- + AgN

S

+

KSCN + water
KSCN + water

NSCN + (C2 NClO4

Hg)y Hg)y

3 + NaN3 + NaNO3
AgSCN + KSCN + KNO3

Silver argentocyanide, see silver cyanide

Silver azide +
+

+ + + + +F + o+ + o+ o+ F o+ o+ o+ o+ o+

Silver bromide

KN3 + water
NaN3 + water
NaN3 + KNO3
NaN3 + NaClO4
NH3 + water
TlN3 + water
(C2H5)4NN3 +
pyridine + wa
(C2H5)4NN3 +
NaN3 + NaNO3
NaN3 + NaNO3
(C2Hs)4NN3 +
(C2H5)4NN3 +
NaN3 + NaNO3
(C2H5)4NN3 +
NaN3 + NaNO3
NaN3 + NaNO3
(C2H5)4NN3 +
pyridine

NaN3 + NaNO3
+ AgCN + KBr
+ AgSCN + KBr

+

water
+ water

(C2H5)4NClO4 + dimethyl sulfoxide + water

ter

(C2H5)4NNO3 + acetonitrile

+ dimethylacetamide

+ dimethylformamide

(c2H5)4NNO3 + dimethyl sulfoxide

(C2H5)4Nclo4 + dimethyl sulfoxide
+ formamide
(C2H5)4NNO3 + formamide

+ hexamethylphosphorotriamide
+ methanol

NaNO., + methanol

3
+ N-methyl-2-pyrrolidinone
+ KAg(CN)2 + water

+ KSCN + water

Silver chloride + AgCN + KCl + KAg(CN)2 + water

+ AgSCN + KC

Silver cyanamide + water

+ KNO3

+ HNO

1 + KSCN + water

3 + water

212
214
219
220
221
222
226
229

N

—

w
~

|

N
W

232

205
206

228
29
19
30

229

14
10-11
9

1, 15-16
il Z-gl 17
2, 12-13
18
19
20
21
22
24
25
26
26
27
28
28
29
30
64

L

. 8,

N
w

-

V]
(7]
-~
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Silver cyanate + water 38-39, 40-41
+ KOCN + water 38-39, 43-44

+ NaOCN + water 38-39, 42

Silver cyanide + water 45, 52, 61-62
+ AgBr + KBr + KAg(CN)2 + water 45, 64

+ AgCl + KCl + KAg(CN)2 + water 45, 63

+ AgI + Ba(N03)2 + KCN + KI + KNO3 + water 81

+ AgSCN + KAg(CN)2 + KSCN + water 46, 65, 102, 122-123

+ AgNO3 + water 47, 60

+ HClO4 + NaCN + NaClO4 + water 79-80

+ HCN + water 46, 53-54, 70-71

+ KAg(CN)2 + NaOH + water . 75-76

+ KCN + water 45, 68-69, 78

+ KCN + KNO3 + water 72-73, 77, 78

+ NaCN + NaClO4 + NaOH + water 47, 79-80

+ NH, + water 47, 54-55, 59, 66

+ NH3 + AgNO3 + KAg(CN)2 + water 66

+ (C2H5)4NCN + (C2H5)4NC104 + dimethyl sulfoxide 84

+ (02H5)4NCN + (C2HS)4NClO4 + nitromethane 85

+ HNO3 + stO4 + hydrogen cyanide 86

+ hydrogen fluoride 87

+ sulfur dioxide 88

Silver dicyanamide + water 34-35
Silver iodide + AgCN + Ba(NO3)2 + KCN + KI + KNO3 + water 8l
Silver nitrate + AgCN + water 47, 60
+ AgCN + NHy + KAg(CN)2 + water 66

+ AgSeCN + water 90-91, 98-99

+ AgSCN + water 104, 115

+ AgSCN + KNO3 + water 147

+ AgSCN + (C2H5)4NC104 + dimethyl sulfoxide 213, 215

Silver perchlorate + AgSeCN + water 90-~91, 100-101
Silver selenocyanate + water 80, 92-93
+ AgClO4 + water 90-~91, 100-101

+ AgNO3 + water 90-91, 98-99

+ KSeCN + water 90, 94-95

+ KSeCN + KNO3 + water 90, 96-97

Silver thiocyanate + Water 102, 108, 117-118, 124-125
+ AgBr + KBr + KSCN + water 102, 127

+ AgCl + KCl + KSCN + water 102, 126

+ AgCN + KSCN + KAg(CN)2 + water 46, 65, 102, 122-123

+ AgNO, + water 104, 115

+ Ba(SCN)2 + water 139-140

+ Ca(SCN)2 + water 143-144

+ KSCN + water 102, 103, 109, 114, 119-120

128-131, 135-136, 141-142

+ KSCN + HClO4 + water 164, 171

+ KSCN + KBr + H2504 + water 121

+ KSCN + KNO3 + water 103, 145-~146, 150-153

165-166, 169-170
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+ o+ 4+ o+ + + + o+ o+ o+ o+ o+ + o+

+ + o+ o+ + F o+ o+ o+ o+ o+

+ o+ o+ o+

+ + + + + + 4+ + + + o+ o+

Silver thiocyanate, continued

KSCN + KClO4 + water 196-197,
NaClO4 + water
NaCl0, + Na,S,05 + water 103,
Nazszo3 + water
NaSCN + water 104,
NaSCN + NaClOo, + water 104, 154-156,

4

NaSCN + Naclo4 + Na25203 + water

NH, + water 05, 109-110,

3 _ —_—

NH4SCN + water 133~
17

KSCN + KNO3 + acetone + water 177=-1/8

KSCN + Kclo4 + acetone + water 177-178,

KSCN + KC10, + dimethylformamide + water

KSCN + KClO4 + dimethyl sulfoxide + water

(C2H5)4NSCN + (02H5)4NC104 + dimethyl
sulfoxide + water

KSCN + KNO3 + 1,4-dioxane + water

KSCN + KClo4 + 1,4-dioxane + water

KSCN KNO3 + ethanol + water

KSCN KClO4 + ethanol + water

KSCN KNO3 + glycerol + water

KSCN KNO3

KSCN KClO4 + methanol + water

KSCN

KSCN 3

KSCN acetone

KSCN + KNO3 + acetonitrile

(C4H9)4NSCN + (C4H9)4NC104 + 1, 2-dimethoxy-
ethane

KSCN + KNO3

KSCN + KNO, + dimethylformamide

KSCN + KNO3 + dimethyl sulfoxide

(C2H5)4NSCN + (C2 NClO4 + dimethyl
sulfoxide

AgNO, + (C,Hg),NC1O

KSCN + ethanol

LiSCN + ethanol

KSCN + I-(Clo4 + ethylene glycol

KSCN + KNO3 + formamide

(C2H5)4NSCN + (C2H5)4NNO3 + formamide

KSCN + KNO3 + hexamethylphosphorotriamide

NaSCN + methanol 223,

KSCN + KNO3 + methanol

(C,Hg ), NSCN  + (C,Hg) NNO

(C,Hg) ,NSCN + (C,H.),

(C2H5)4NSCN + (C2H5)4

»

o
@©

8,

|

—
Xe}
W

,

—
\0
w

~

N
o
O

+ methanol + water

-

N
o

KNO3 + l-propanol + water

KNO.,, + 2-propanol + water

+ 4+ o+ 4+ 4+ o+ o+ o+

+ dimethylacetamide

Hg)y

4 + dimethyl sulfoxide

3 + methanol
N01O4 + nitromethane
NClO4 + propanediol-~
1,2-carbonate

KSCN + KNO3 + N-methyl-2-pyrrolidinone

203-204
175-176
173-174
103, 168
137-138
159-163
172

116, 132
148-149
179-180

185, 186
188, 189

190-192
194-195
196-198
199
201-202
203-204
205
206
207
208

13, 216
213, 215
220
217-218
220

221

221

222
224-225
223, 226
223, 226
227

228
229
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Silver thiocyanate, continued

+ (C4H9)4NSCN + (C4H9)4NC104 + tetrahydrofuran

+ KSCN + (02H5)4NC104 + tetrahydrothiophene-

1,1-dioxide
+ ammonia
+ sulfur dioxide
Sodium cyanate + AgOCN + water
Sodium cyanide + AgCN + NaClO4 + HClO4 + water
+ AgCN + NaClo4 + NaOH + water
Sodium dicyanoargentate + water
+ AgCN + NaOH + water

+ ethanol + water

Sodium dithiocyanoargentate + AgSCN + NaSCN + NaClO4 + water

+ NaSCN + NaClO4 + water
Sodium hydroxide + AgCN + KAg(CN), + water

+ AgCN + NaCN + NaClO, + water

Sodium nitrate + AgN3 + NaN3 + dimethyfacetamide
+ AgN3 + NaN3 + dimethyl formamide
+ AgN3 + NaN3 + formamide
+ AgN3 + NaN3 + hexamethylphosphorotriamide
+ AgN3 + NaN3 + methanol
+ AgN; + (C2H5)4NN3 + methanol

+ AgN3 + NaN3 + N-methyl-2-pyrrolidinone

Sodium perchlorate + AgN3 + NaN3 + water

+ AgSCN + water
AgSCN + NaSCN + water
AgSCN + NaAg(CN)2 + NaSCN + water
AgSCN + NaSCN + Na2s203 + water
AgSCN + Na25203 + water

+ NaAg(SCN), + NaSCN + water
Sodium sulfite + AgSCN + water
Sodium thiocyanate + AgSCN + water

+ AgSCN + NaClO4 + water 104
AgSCN + NaAg(SCN), + NaClo, + water
AgSCN + Naclo4 + Na25203 + water
NaAg(SCN)2 + NaClO4 + water
AgSCN + NaSCN + NaClO4 + water

+ AgSCN + NaClO4 + water
Sulfolane, see tetrahydrothiophene-l,l-dioxide
Sulfur dioxide + AgCN

+ AgSCN
Sulfuric acid + AgCN + HNO3 + hydrogen cyanide
+ AgSCN + KSCN + KBr + water

+ o+ o+ 4+

Sodium thiosulfate

T

Tetrabutylammonium perchlorate + AgSCN + (C4H9)4NSCN +
1,2~dimethoxyethane
+ AgSCN + (C,Hy),NSCN + tetrahydrofuran

230-231
232

233

234
38-39, 42
79-80
79-80

57

75-76

82

104, 162-163
104, 157-158
75-76

79-80

21

22

26

27

28

28

30

1, 15-16
175-176

104, 154-156, 159-163

104, 157-158
173-174

172

104, 157-158
103, 168

[

104, 109, 137-138
104, 154-156, 159-163
157-158, 162-163

172
157-158
173-174

172

[=

0

_—t

88
234

86
121

209-210
230-231
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Tetrabutylammonium thiocyanate + AgSCN + (C4H9)4NC104 +

1,2-dimethoxyethane 209-210
+ AgSCN + (C,Hy),NClO, + tetrahydrofuran 230-231
Tetraethylammonium azide + AgN; + (CZH5)4NC104 + dimethyl
sulfoxide + water 18
+ AgN, + (C,H;),NNO, + acetonitrile 20
+ AgN; + (C,Hg),NNO; + dimethyl sulfoxide 23, 24
+ AgN, + (C2H5)4NC104 + dimethyl sulfoxide 23, 25
+ AgNy + (C,Hg) NNO, + formamide 26
Tetraethylammonium cyanide + AgCN + (C2H5)4NC104 + dimethyl sulfoxide 84
+ AgCN + (C2H5)4NC104 + nitromethane 85
Tetraethylammonium nitrate + AgN, + (C2H5)4NN3 + acetonitrile 20
+ AgN, + (C2H5)4NN3 + dimethyl sulfoxide 23, 24
+ AgN, + (02H5)4NN3 + formamide 26
+ AgN, + NaNy + methanol 28
+ AgSCN + (C,Hg),NSCN + formamide 221
+ AgSCN + (C2H5)4NSCN + methanol 223, 226
Tetraethylammonium perchlorate + AgN, + (C2H5)4NN3 +
dimethyl sulfoxide + water 18
+ AgN, + (C2H5)4NN3 + dimethyl sulfoxide 23, 25
+ AgCN + (C2H5)4NCN + dimethyl sulfoxide 84
+ AgCN + (C2H5)4NCN + nitromethane 85
+ AgSCN + AgNO, + dimethyl sulfoxide 213, 215
+ AgSCN + (C2H5)4NSCN + dimethyl sulfoxide 213, 216
+ AgSCN + (C2Hs)4NSCN + nitromethane 227
+ AgSCN + (C2H5)4NSCN + propanediol-1l, 2-carbonate 228
+ AgSCN + KSCN + tetrahydrothiophene-1l,1-dioxide 232
Tetraethylammonium thiocyanate + AgSCN + (C2H5)4NC1O4 +
dimethyl sulfoxide + water 185, 186
+ AgSCN + (C2H5)4NC104 + dimethyl sulfoxide 213, 216
+ AgSCN + (C2H5)4NNO3 + formamide 221
+ AgSCN + (C2H5)4NNO3 + methanol 223, 226
+ AgSCN + (C2H5)4NC1O4 + nitromethane 227
+ AgSCN + (C2H5)4NC104 + propanediol-l,2-carbonate 228
Tetrahydrofuran + AgSCN + (C4H9)4NC104 + (C4H9)4NSCN 230-231

Tetrahydrothiophene-~l,l-~dioxide + AgSCN + (C2H5)4Nclo4 + (c2H5)4NSCN 232
Tetramethylene sulfone, see tetrahydrothiophene-l,l-dioxide

Thallium azide + AgN, + water 2, 12-13
Thallium dicyanocargentate + water 45, 358
Thallium silver cyanide, see thallium dicyanoargentate

W

Water, Binary and multicomponent systems involving water are listed under
the salt and the non-agueous component, Critical evaluations for
binary and multicomponent systems containing water are:

AgN3/water i
Ag,CN,/water 31
AgOCN/water 38
AgCN/water 45
AgSeCN/water 20
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AgSCN/water
AgSCN/water/acetone
AgSCN/water/dimethyl sulfoxide
AgSCN/water/1, 4-dioxane
AgSCN/water/ethanol
AgSCN/water/methanol

Water-d, + KAg(CN)2
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to compiled tables.

56-81-5 199
64~17-5 82,
67-56-1 28,
67-63-0 206
67-64-1 177,
67-68-5 23,
68-12-2 22,
71-23-8 205
74-90-8 46-
75-05-8 20,
75-12-7 26,
75-52-5 85,
95-50-1 83
107-21-1 220
108-32-7 228
109-99-9 230-
110-71-4 209~
110-86-1 19,
123-91-1 188,
126-33-0 232
127-19-5 21,
143-33-9 79-
151-50-8 45,
333-20-0 16,
191~

184,

211-

420-05-3 38
506-61-6 45,
506-64-9 45-4
540-72-7 ;_g
556-65-0 217-
590-28-3 38-
680-31-9 27,
872-50-4 30,
917-61-3 38-
993-20-4 18,
1310-73-2 75~
1701-93-5 46,
186~
214-
1762-95-4 133-
1923-70-2 209-
1941-26-0 20,
2092-16~2 143-
2092-17-3 139-
2140-69-3 57,
2567-83-1 18,
3315-16-0 38-
3384-87-0 31,

REGISTRY NUMBER INDEX

Underlined page numbers refer to evaluation text and those not underlined

193, 194-198, 217-219
200, 201-204, 223, 224-226

179-183, 207

18, 24-25, 84, 185, 186-187, 213, 214-216

184, 212 —

47, 51, 53-54, 70-71, 86

~208

221

227

231

210

29

189-192

211

80

68-69, 81, 72-73, 77-78

65, 102-103, 109, 114, 119-123, 126-131, 135-136,
142, 145-146, 150-153, 164-166, 169-171, 177-178, 179-

185 187, 188, 189- 192, 193, 194-199, 200, 201I-208,
212, 213, 214, 219-222, 223, 226, 232

3-65, 74-76, 79-80,
59-73, 75-81, 84-88
109, 137-138, 154-163,

83, 89, 102, 122-123

6

6,

172
21

39, 43-44

222

229
39,

20,
76,

42
23,
79-80

24-26

159-176, 177-178,

7- 179-184, 185,
194-199, 200,

65,
Ol -212, 213,

187,
222,
134,
210,
23,
144

102-113,
188, 189-192,
223, 224-234
T48-149
230-231
24, 26,

114-156,
193,

28, 221, 223, 226

140
75-76,
23, 25,
9, 40-44

33

82

84-85, 213, 215-216, 227-228, 232

3y,
32~
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3425-46-5 90, 94-97
3674~54-2 209-210, 230-231
4587~19-3 185, 186, 213, 216, 221, 223, 226-228
5169~33-5 90-91, 92-101
7446~09-5 88, 234
7447~40-7 45, 63, 102, 126
7601~89-0 1, 15-16, 104, 154-163, 172-176
7601~90-3 79-80, 164, 171~172
7631~99-4 21-22, 26-28, 30
7642~01-0 71
7664~39-3 87
7664~41-7 1, 7-8, 17, 38, 44, 47, 54-55, 59, 66-67
7664-93-9 86, 121
7681~11-0 81
7697-37-2 33, 86
7757-79~1 9, 31, 33, 81, 90, 96-97, 103, 145-146, 150-153, 165-
166, 169-170, 177-178, 179-180, 188, 189, 193, 194-195,
199, 200, 201-202, 205-206, 208, 211-212, 213, 214, 221-
222, 223, 226
7757-83-7 103, 168
7758-02-3 45, 64, 102, 121, 127
7761-88-8 47, 60, 66, 90-91, 98-99, 104, 115, 147, 213, 215
7778-74-7 177-178, 181-184, 187, 188, 190-192, 193, 196-198, 200,
203-204, 220 —
7782-79-8 5
7783-90-6 45, 63, 71, 102, 126
7783-93-9 90-91, 100-101
7783-96-2 81
7785-23-1 45, 64, 102, 121, 127
7789-20-0 89
10022-31-8 81
10579-83-6 172-174
13435-20-6 84-85
13847-66-0 2, 12-13
13863-88-2 1-8, 9-30
14038-74-5 133
17032-40-5 137
20762-60-1 14
26628-22-8 1, 6, 9-11, 15-16, 21-22, 26-28, 30
62928-04-5 119, 135
62928-05-6 104, 157-158
66418-41-5 04, 137, 157-158, 162-163

Compounds not assigned Registry Numbers at the time of this writing are, in
order as they appear in the text:

AgN(CN) , 34-35
AgC (CN) 4 36-37
AgT1(CN), 58

K4Ag (CN) 4+ H,0 68

KAg, (CN) 5-H,0 68
KzAg(SCN)3 119, 135
AgSCN-%NHy -}H,0* 132
AgSCN-NH, 132

SNH ,SCN - AgSCN 133
3NaSCN-AgSCN 137

Ba(SCN)2-3H20 139
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Ba (SCN) 2°AgSCN- ZHZO 139
Ba (SCN) y2AgSCN . 2H,0 139
Ba(SCN)Z-BAgSCN-ZHZO 139
Ca (SCN) , - 4H,0 143
Ca (SCN) , - 2AgSCN. 2H,0 143

* Existence of this compound is highly speculative.




